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PREFACE, 


Tue book which is here offered to the pub- 
‘lic in Englith drefs, is an abftraét made by the 
late celebrated Dr. Gren himfelf, in the year 
1796, from his Syjem of Chemifiry, Halle, 
1794, in 4 vols. 8vo. the moft complete and 
{yftematical work ever publifhed on this fci- 
‘ence.—It was not deftined, as he fays himfelf 
in his Preface, to be a mere jkeleton of that 
larger work, but to be ufeful without it, and to 
form a complete introduction to Chemifiry.— 
Hence all the principal experiments have been 
circumftantially defcribed, and all the funda- 
mental and leading principles. properly ex- 
plained. 


WITHOUT anticipating the opinion of the 
public, or encroaching upon the department 
of the fober Critic, it may be faid that this 
book, {mall as it is, embraces the whole of this 
{cience in the moft fyftematical order, pro- 
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ceeding from the firft notions, ftep by ftep, to 
the mofl complicated doctrines, and arranged 
with the greateft clearnefs and N 
Some parts, however, of the uegetable and- 
animal kingdom, more interefting to the Phv- 
fician than the public at large, have been 
rather fhortly treated of; but they have been 
explained 1 in a very ample and mafterly man- 
ner in the fecond volume of his Syftem of 
Chemiftry. — Befides, the Author declares, that 
his chief attention, in writing it, was beftowed 
on the practical ufe and application of Che- 
miftry. For this reafon he has introduced a 
number of valuable matters relating to phar- 

macy, arts, manufactur cs, and the operations of 
“common life ; fuch as the making of elafs, 

pottery, enamelling, making of fugar, fiarch, 

art of dyeing, bleaching, making of wines, br andy, 
beer, vinegar, baking of bread, ike Bhi of 
mitre, refining aa &c, 


To thofe, who for the firt time ftudy this 
icience, it is immaterial to flate what new dif- 
coveries they may expect from this work ; 
befides that it would require too long a de- 
tail. But the experienced Chemitt, who ho- 
nours it with a perufal, will readily find a num- 
ber of new lights, hints, and improvements, 

modefily - 
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modefily propofed, without the leaft affected 
Ihew of novelty. 


Ir remains to be obferved in this place, that 
Dr. Gren, at the time of writing this work, 
had renounced the Atomiftical Syfiem of Na- 
tural Philofophy, which in latter times has - 
been extended to great fubtleties by Le Sage 
and De Luc; and that, in its ftead, he has 
. adopted the Dynamic Syften, illuftrated by 
Kant in his Metaphyfical Elements of Natural 
Philofophy. — According to the former, ift. 
matter fills its /pace merely. by its evifence ; 
Qdly, it is abfolutely impenetrable; 3dly, its 
divifion can be carried to a certain length only, 
ending in atoms, which, though extended, are 
not farther divifible; 4thly, there are empty 
interflices between the atoms; 5thly, the par- 
ticles of elaftic fluids, as air, vapours, caloric, 
&c. do not touch each other, and confequently 
_ they form what is called difcrete fluids; 6thly, 
the rarity or denfity of a body depends folely 

on the quantity of empty interftices in a cer- 
tain volume.of fpäce occupied by the matter 
conftituting that body.—On the other hand, 
according to the Dynamic Syftem, matter fills 
_its {pace by its primitive powers of attraction and 
repulfion; its impenetrability is only relative; 
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it is divifible in infinitum ; it fills. its [pace as a 
| continuum, or with continuily, — fo that the ob- 
jective vacuum is a mere imaginary being, con- 
fequently there are no diferete fluids, and even 
the particles of caloric and light form-a con- 
tinuum; laftly, the greater or lefs denfity of a 
body is only an exprefsion indicating the 
greater or le/s intenfi ity of the primitive, attrac- 
tive, and repulfive powers; which conftitute the 
nature of matter, and which muft decreafe 
together with the ertenfion of a certain body, 
according to certain laws ; and therefore matter 
is fuppofed, even at the greateft rarity or leaft 
denfity, to fill its fpace with continuity. 


From thefe tenets of the dynamic doctrine, 
the exprefsions continuum, continuity, difcrete 
fluids, &c. not ufed in this country in that 
fenfe, occur in the earlier part of the prefent _ 
book, which the Tranflator could not fupprefs 
without altering the fenfe of the text. 


> 


Pen it is well known, that, in the Sy/-- 
tem of Chemifiry quoted above, the Author 
did not fo much adhere to the old phlogiftic 
—— fyfiem, as was objected by fome, but rather 
that he has framed a fyftem of his own, which 
he called ecclectic (mentioned i in this work, § 
IX. Introd.); though he there explains every 
phenomenon, 
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phenomenon, not only according to his own 
doctrine, but alfo hiflorically, according to that 
of both the phlogiffian and anti-phlogifiian phi- 
lofophers.—To’that ecclectic fyftem the Author 
adhered to his death; but the reader is re- 
queited to obferve, that in the prefent work 
Dr. Gren has merely ftated the grounds of 
his favourite chemical creed, and continued 
throughout the. reft to explain all the phe- 
nomena treated of according to the modern 
ANTI-PHLOGISTIC SYSTEM in the ftricteft 
fenfe.—Confult § 213. 


Tuvs far concerning the original. The 
_ Tranflator will now ftate what he has done in 
the prefent publication. 


I. He has endeavoured to give the meaning 
of the text as clofely, faithfully, and literally, 
as the nature of the two languages would allow. © 
He has taken no liberties with his Author; 
only, in a very few places, he thought proper 
to transfer a_line or two from the Author’s own _ 
‘ larger book, or in notes, befides a few of his 
own, marked Ed.—He has alfo ftudioufly re- 
- tained the references in the §§, or rather ın- 
creafed their number,:in order to afsift the re- 
‚collection of the reader. 
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JI. Since the German publication of this 
work, fome valuable difcovertes have been ° 
made in the fcience. All of them do not come 
within the compafs of .an elementary treatife. 
Such as may have been occafionally added - 
‚in notes, diftinguifhed by Ed. from thofe of . 
the Author. The new earth, glucine, or ra- 
ther glycine, the two new metals, tellurium, 
or fylvanite, and chrome, have been added 1 in 
the text in their proper places. 


III. WirH regard to terminology, the Fit 
flator has made ufe of the new Nomenclatur €, as 
propofed by the French Chemifts, and tran- 
flated into Englıfh, under the title, Method of 
Chemical Nomenclature, propofed by'De Morveau, 
Lavoifier, Berthollet,. and Fourcroy. Tranflated 
by James St. John, M.D. 8vo. London, 1788. 
—- Well aware of fome inaccuracies obfervable. . 
in that Nomenclature, and of the improve- 
- ments that might be made in it, he thought 
it niore reafonable to keep, as it were, toa 
certain fandard, now almoit generally adopt- _ 
ed, than to fall into the fathionable mania of 
fabricating or adopting new terms. For if we 
goon, as fome of the learned in this and other. 
countries do, there is great danger that, after 
ten years, no Chemift will underftand ano- 

ther.— 


PREFACE. — vil 
ther.—If the Tranflator’s orthography fhould 
be objected: to, although he is able to defend 
it againft all cavils, he is far from entering 
into any grammatical difcufsion. Surely, 
lofing time about words is not the way of 
improving any {cience! | : 


By this, however, it is not meant to pre- 
clude the farther improvement of the new 
Nomenclature, of which it is certainly ca- 
pable; but, inftead of adopting directly new- 
framed terms in books, let them be fairly 
propofed, as Dr. Pearfon has done, fupported 
by proper reafons, wherever opportunity pre- 
fents itfelf; and when a fufficient number of 
facts, difcoveries, and arguments for that pur~ | 
pofe are collected, it will then be time to 
offer to the chemical public a corrected Nomen- 
_ clature for their approbation. 


By way of example, Dr. Gren himfelf has 
‘in this work propofed and ufed the terms 
_ muriatous inftead of muriatic, and muriatic in- 
fiead of oxygenated muriatic acid, by fair 
analogy from /ulphureous and fulphuric, nitrous 
and nitric acids, &c. becaufe what is now 
called muriatic is not a perfect, but only an 
imperfect acid, § 534; ee on the other 
| ß ; hand, 
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hand, the. oxygenated muriatic is the perfect 
acid of that kind, § 567. In confequence of . 
this, by the fame analogy, he ufes muriatous 
pot-afh, muriatous foda, &c. inftead of muriat 
of pot-afh, of foda, &c. and muriat of pot- 
afh, &c. ınftead of oxygenated muriat of pot- 
afh now employed.—Certainly the terms ory- 
genated muriatic, or ory-muriatic acid, are not 
8 
ply atautology. The firft fignifies only acidified 
muriatic acid, and the-other acid muriatic acid. 


very fuccefsfully contrived, are long, and im- 


ANOTHER in{ftance—befides many others 
occafionally mentioned in the book—the me- 
tallic oxyds, according to §§ 1220—27, fhould 
not be called fulphat, nitrat, muriat of iron, . 
copper, tin, &c. but fulphated, nitrated, muriated 
oryd of iron, copper, tin, &c.—All thefe im- 
provements, however, have been only pointed © 
out by the Tranflator; and the modern No- 
menclature, hithertoin ufe, has been preferred, 
in order to prevent being mifunderftood. 


‘FEARING. to be found guilty of having him- 
felf trefpafled the rules juft before recom- 
mended, the, Tranflator begs leave to obferve, 
that according to his Author’s own literal ex- 
prefsions, he ai introduced the words mingled 

‚‚Anftead 
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initead of the complex terms mechanically 
united, and mired inftead of chemically com- 
bined; as alfo liquid jluids, to preferve the 
generic word: fluid, and to diftinguifh them 
from another /pecies, called elaflic. ‘Several . 
more of that kind are here omitted for the ° 
fake of brevity. But, befides that thofe terms 
have been fufficiently defined, they are con- 
ftantly ufed in the fame fenfe, and are more 
‚precife; hence, it is hoped, they will be to- 
lerated by men who know how to eftimate pre- 
cifion and brevity of language in a fcientific 
book, where fimplicity is as much required as 
“equivocation of terms to be avoided. The 
words orygen, hydrogen, azot, carbonic acid, &c. 
were not long fince offenfive to many indi- 
viduals, but are now generally accepted. 
THERE alfo does not appear any reafon for 
_ difregarding popular exprefsions, when they 
convey to the mind any proper idea clearly 
and diftinétly, fuch as glowing, glow-heat, &c. - 
literally tranflated from the Author, which 
certainly are lefs equivocal and more diftinét 
than zenition, ignited, &c. fince a body: may’ 
be ignited to a high degree without reaching 
‚even that of a low red-heat. However, thefe 
and many others the Tranflator did not dare 
3 Nee to 
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to employ; and at this opportunity he begs 
leave to fay, that he has fupprefled a number ~ 
of good, clear, and energetic exprefsions, to | 
avoid giving offence to the delicate ear of the 
over-chafte Critic. 


ONE word more on this head. The reader 
will obferve, that at the beginning of the work, 
the ancient terminology has been ufed; but, — 
after every particular fubftance and its con- 
ftituent parts had been explained, its name 
has been given according to the new Nomen- 
clature, and then for fome time both have been 
 promifcuoufly ufed; however, fo, that towards 
the latter part, the preference has almoft al- — 
ways been given to the new Nomenclature. 
This has been purpofely obferved by the Au- 
thor himfelf, but rather more fo by the Tran- 
flator; and the reafon of it is, that in common 
life, even among the Druggifts, the old names 
of the various fubftances and preparata are 
better known than the new ones, and that the 
reader may gradually, and without any trou- 
ble, become acquainted with both Nomen- 
clatures. 

For a fimilar motive, the Latin names, in- 
ferted by the Author in hin though they 

fcem 
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feem ufelefs in an Englifh tranflation, have 
not been always erafed, for the fake of thofe 
who, acquainted only with the new ftyle, 
‚may, after fome time, turn their attention to 
the works of former Chemifts moftly written 
in that language, and fome of which are ll 
valuable on many accounts, 

IV. Tue German original having been writ- 
ten to be commented on in public lectures, 
where the chemical apparatus is exhibited in 
making the experiments, had no Plates. But 
as the fubjeét of this work has -been treated 
and explained by Dr. Gren fo clearly, and in 
fo eafy a manner, that any common under- 
ftanding may be fufficiently initiated in this 
{fcience without much farther afsıftance, the 
Publifhers went liberally, hand in hand, with 
the wifhes- of the Tranflator, to gratify the 
Amateur, and had feven Plates engraved by 
the mafterly hand. of Lowry.—The jfirf fir 
reprefent the moft neceflary and ufeful che- 
mical infirumenis, and belong to the firft vo- —— 
lume: a feventh was added to the fecond, ex- 
hibiting a fufficient number of fpecimens of 
the new chemical fymbols, progrefsively from 
the primitive and fimple to the com- 
pounded, | HAN 
Er V. AFTER 
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V. Arter the clofe of the book, the Tran- 
flator made free to offer, in the Appendir, dif- 


‘tinguifhed from the main work ‘by different 
‘types, fome matters, which he hopes will be 


acceptable to.the reader. They relate to the 


Lables of Affinities, the new Chemical Symbols, 


the /pecifie and abfolute Gravity of Bodies, the 
comparifon of, Farenheit’s with Reaumur’s 
Thermometer, of the former French M eafures 
and Weights, and.of the prefent Metre, Litres, 
and Grammes, recently adopted in France for 
meafures and weights, with the Englifh.— 
Laftly, a finall Chemical Library was added.— 
He flatters himfelf the reafons for doing fo, 
alleged under each of thefe heads, will be 
fufficient to excufe him for thus intruding 


upon the public. 


NoruınG has been faid in particular on 


the new Chemical Nomenclature, becaufe the 


Author himfelf has fufficiently explained it in 
the courfe of the work; and the reader will. 


be much better informed by referring to Dr. 


Pearfon’s Tranflation of the Table of Chemical 
Nomenclature propofed by Guyton, Lavoifier, &c, 
9d Edit. Lond. 1799. to. } 
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VI. Frnarry, it may feem rather ftrange 
to meet with fo large an Index at the end of. 
fo {mall a book; but it was made to anfwer 
two purpofes.—Firft, it fhould be as complete 
as pofsible, to afsift the memory, and. to fa- 
cilitate the finding of any fubject treated of 
in the work.—Secondly, it was intended to 
ferve in lieu of a compendious Dictionary of 
both the old and new Nomenclature; the 
former, as mentioned before, being {till moft 
‘known in common life, and the latter only 
among the learned. The Tranflator has many 
‚ times witnefled an article being afked for in 
_. the new fiyle, and the fhopman not being 
able to comprehend what was meant; while, 
on the other hand, the pupil of modern Che- 
miftry, unacquainted with the old name of 
the fubftance, was unable to explain what he 
wanted. i 


Tuıs inconvenience is eafily remedied by 
an Index of that kind.—Sulphat of magnefia 
is wanted, for inftance: by referring to Vol. I. 
p- 233, quoted in the Index, its fynonymots 
term, Epfom-falt, is found. -Or, on the con- 
trary, tartar emetic is prefcribed by the Phy- 
fician, by referring to Vol. II. p. 390, again 
quoted in the Index, it. is found to be the 


antimoniated 
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antimoniated tartrite of pot-afh. Yor this very 
reafon the London College of Phyficians have: 


prudently accompanied their Pharmacopeia 
- with a double index.—It is on account of thefe 
-circumftances that the Index has turned out 
rather more copious than might be thought 
neceflary. # 


SOME inaccuracies have, no doubt, un- 
willingly efcaped the induftry. of the Tran- 
flator. Thefe, and fome typographical er- 
rors, not noticed in due time, the candid 
reader is requefted kindly to forgive. — 


x 


THE TRANSLATOR, 
‘ Lonpon, | ; 
15 February, 1800. 


CONTENTS. 
| 


CONT EN TS 


OF THE 


@\ 


FIRST VOLUME. 


INTRODUCTION ——— > — N 
21 CHAPTER Ti teeth oh 

| Preliminary Matters. 

Elements of Bodies — 17 

Mechanical Divifion and Separation 25 


Primitive Powers, and the Forms of Matter depending 
there? ., 28 


Chemical Affinities : ‚46 
Chemical Operations and Inftruments . — 50 
Solution — nn 
Precipitation —— 67 
Fufion — ee 69 
Volatilization — ——— Ve 
Ditftillation — —— 81 
Pneumatic Apparatus 88 
Sublimation | - —— 091 
Chemical Inftruments, Balances, Weights, &c. _ 92 
Re-agents 99 
CHAPTER I. 
Of themore common fi mple, and compound Subflances. 
Caloric 101 
Light—Phlogifton — 121 
Phenomena of Combuftion in atmofpheric Am“ 126 
Compofition of atmofpheric Air u +. B29 
Vital Air, or Oxygen Gas—Oxygen _ 130 
Theory of Fire and Combuftion® _ —— 135 


> VOL, 1. b - . Azotic, 


xvi -CONTENTS. 


l Page - 
Azotic, or Nitrogen Gas—Azot EEE TERN E Ae 
‘Eudiometer Siete Cc 
Carbonic Acid Gas—Carbonic Bee wee 147 


N Are SIS ih Air, or Hydrogen Gas 150° 
CHAPTER III. | 
Of Salts in general. 


„General Charaéter of Acids and Alkalis — 165 
Acids ee 168 
Alkalis — — 173 
Neutral Salts — en 179 
i CHAPTER IV. 
Of Earths. 

Of Earths in general rn —— — 181 
Middle Salts 182. 
Of Earths in particular. 

Siliceous Earth—Glafs eet 183 
Calcareous Earth, or Lime —_ — 188 
Magnefia, or Talcum : 191 


Alumine, or Argillaceous Earth —— 193 

Ufe of Clay for Pottery-ware ae 195 
Barytes, or Ponderous Earth owen 201 
Strontian-Earth oe 203 
Circon-Earth, or Jargon of Ceylon — 205 

Auftral-Earth — . ibid. 
Glucine (additional) — 1208 


CHAPTER V. 


. Mineral Acids, and their Combinations with Alkalis 


-and Earths. 
Carbonic Acid 


u 207 

Sulphur —— 7.219 
Sulphuric Acid > _ ze 
Sulphureous ‘Acid | N ke 8 

Sulphur with other Subftances_ u 245 
Decompofition of the Sulphuric Acid 253 
Nitric Acid —_—— | — 259° 
Nitrous Acid ee 268. 

> Nitrous Gas—Gafeous Oxyd of Azot a 

‘Total Decompofition of the Nitric Acid— 

. | Detonation 278 
Muriatic Acid —_—— (287 
Oxygenated Muriatic Acid eee 305 
Nitro-muriatic Acid un 312 


’Fluorie 


CONTENTS. xvii 


Page 
Fluoric Acid | | | m 313 
Boracic Acid — vom u 319 
CHAPTER VI. 
Conftituent Parts of V egetables. 
General Examination of Vegetables — BAR 
Their Analyfis by Means of Fire — 330 


Particular Examination of the conftituent Parts of 
| Vegetables, § 85% 


Effential Salts of Plants | 346 

Tartar—Tartareous Acid — 341 

Salt of Wood-Sorrel—Oxalic Acid —_ 359 

Citric Acid — — 366 

- Malic Acid — 370 

Concerning other four Juices of Plants. 371 

Benzoic Acid es 372 

a Gallic Acid eee een — 376 

Sugar ns ene 379 

Mucilage of Plants —— em 385 

‚Refin — aes 387 

Gum-Refin © — Dr sd 390 

Gluten u ——. 391 

Starch renee — —— 392 

Albuminous Matter of Plants — 395 

FatOiw ee oS comma 396 

0 Elafiic Refin cowie u 405 

Ethereal Oil wees — 407 

Camphor OS noone 416 

Acrid veranble Matter — 420 

Narcotic Matter of Plants — ER 422 

Fibrous Part of Vegetables 423 

Extracts from Plants ARE u 424 
Vegetable Pigments — 

General pen of Dyeing 426 

Indigo — — 434 

-Litmus Ä — 442 

Arnatto — — rn 443 

Sap-Colours = ——= — 444 

Lake-Colours — |. —— ibid. 

Of Bleaching = os ———— — 0446 


SIX PLATES, reprefenting the moft ufeful Chemical In- 
ftruments, and their Explanation. 3 


ERRATA, 


ME © SERRATA--- | se 


Page Line | ar Read 
18 027. porpyhry ==. porphyry. 
i 346 u. 1] 3 | dele gangues. 

Page -—— Line Read. : | 
332 0 em 2 cream of lime — milk of lime. | 
384 ~ 27 Yaquin one Jacquin. 

436, =e 5  Guatamlla — _Guatimala, 


TO THE BOOK-BINDER. 
The firft Six Plates to be bound at the.end of the fir ts 
The Tables of Explanation to front their refpedtive plates. 


The Seventh: Plate (genet in the BAG sg volume, after 
page sae 


INTRODUCTION, 


INTRODUCTION. 


x _ 
f 5 
© u 


Cremistry (Chemia) teaches us the recipfo- - 
cal actions of natural fimple fubftances, the com- 
pofition of bodies from them according to their pro- 
portions, and likewife the manner of feparating or 
combining them again to compound new bodies. 


| Synonyma: Spagiric Art, Hermetic Art, Pyrotechny. 


Chemiftry is confidered as a Science, andas an Art: 
I]. 


Chemiftry ‚is therefore a part of Natural Phi- 
lofophy. Its objeéts are all the beings of the fenfible 
world ; its bafis is Experience, from which by regu- 
lar conclufions it deduces the Theory, which con- 
nects the fadts to form a fcientific fyftem. Its pur- 
pofe is not merely to confider the nature and mix- 
ture of bodies, but alfo to make them ufeful to our 
wants by means of fuitable operations. 
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The particular ufe made of chemiftry as an art, 
has given rife to various appellations, as Halurgy or — 
Halotechny, Lithurgy, Hyalurgy, Phlogurgy, &y- 
motechny, Metallurgy, Docimafy, or Art of Afay- 
ing metals, and metallic ores. 

Alchemy has nothing in common with our fci- 
ence, but the fimilarity of name. It is indeed the 
mother of Chemiftry, but it is not the fault of the 
daughter, if her mother is abfurd. 


/ 


III. 


Chemiftry, confidered as a fcientific fyftem; had 
its beginning only in modern times. The difcovery of 
fa&ts on which Chemiftry is grounded, is the mere 
work of the fenfes; and it is no wonder that ages 
could pafs, before either. by accident or neceflty, 
attention was paid to fome of thofe faéts; and ftill 
more fo, before fo many of them were collected, as 
could furnifh the bafis of a fcientific fyftem. 

The necefüties of even the firft inhabitants of 
the globe, could not but force them to attempt 
various alterations with certain bodies to fatisfy 
thofe wants; and thefe muft have naturally been 
augmented, in proportion as, by the increafe of 
nations on confined territories, the means of fubfift- 
‚ ence were rendered difficult, and the manners of 
living multiplied. ‘The fatisfying of thefe wants ab- 
folutely prefuppofes various chemical operations in 
the alteration of the mixture of bodies. Baking of 
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bread, cafting of iron, making of wine, &c. are 
truly chemical operations. Yet the chemical ope- 
rations, rendered neceflary by thefe wants, how 
various foever they may have been even with the na- 
‘tions of remote antiquity, and were really fo accord- 
ing to the remaining dates and monuments of hif- 
tory, refted all, no doubt, on a. mere empirical 
practice. — 

Thus alfo was the Chemiftry of the Egyptians, 
which in the hiftory of fciences in general, and that 
of Chemiftry in particular, is always firft mentioned, 
nothing elfe, in fat, than an imperfect art, a mere 
practice of certain chemical opérations, as is perhaps 
‚at prefent the cafe with the Chinefe, and with 
our common artificers. No doubt the Egyptians” 
were, before other nations of high antiquity, ac- 
quainted with a great number of fuch experiments, 
and practifing fuch operations, as may be called 
chemical. Their country has undoubtedly, in the 
courfe of time, given birth to the name Chemia. 

But it was chiefly the Chriftian Myftics, and 
‘the New-Platonics, that occafioned the high opinion 
of the chemical knowledge of the Egyptians; and 
the propenfity of man to the wonderful and myfteri- 
ous, has given currency to this belief. Several al- 
chemical writings, that were attributed to fome re- 
markable perfons of the higheft antiquity, as to 
Hermes, are fpurious productions of thofe New- 
Platonics. ait 


Ae: Plutarch 
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Plutarch {ays (Ifis et Ofiris, page 364. C.) ers vi Alyvatloy ty 
Tois yarısa, wsrdeyyevoy Svoav, womee ‘lo péray mod aPIaruoiiy 

| XHMEIA saroder. Praterea Zgyptum, que vel maxime 
nigram habet terram, tanquam nigram oculi partem, © 
Chemia vocant. In the Pfalms (cv) Egypt is. called. 
Terra Chami. : 


Chemia fignifies therefore, according to the original fenfe, 
the black of che eye; but alfo the Aidden or fecret has 
been hieroglyphically fignified by this word, asin the 
Arabic, according to Bochart, xnu& fignifies occultare. 
In latter times only, when among the New-Platonics, 
the phantoms of 7 heofophy, Magic, and Alchemy, occu- 
pied the authors, the term Chemia was made-ufe of to: 
fignify the Science of Nature, or rather Magic (dducra- 
Nav warlar law rig Qucews eye) according to Zofimus Pa- 
nopolita, quoted by Borrichius (De ortu et progr. che- 
miz, p. 12.) and efpecially the art of making gold and 
filver (xuuba 4 rod Zeybeov, nal xevoov 'nalaonsın accord- 
ing to Suidas). Before the New-Platonics, this word 
© is never mentioned, under fuch fignification, neither 
by the Greeks nor by the Romans, Fulius Maternus 
. Firmicus, who lived in the age of Confantine the Great, 
_ is the firit author among the New-Platonics, where 
the word» Alchemy appears, and of which he makes 
“mention as of a very well known art. He fays 
(1. 111. Mathefeos, c. 15.) ‘Sz Fuerit hec dais Mer- 
““ curii, dabit Aftronomiam; Mr; Veneris, cantilenas et le- 
“© titiam; fi Martis, opus armorum et inftrumentorum ; fe 
Ee  Fowvis, divinum cultum, Mah ee isle in lege; fi Saturnis 
asi seed Alchemiz.” | 


WV. 


The prob! em of Be gold an Meer by art, 
took 1 its pores only among the New-Platonic fe& of 
philo- 
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philofophy, ‘and the name of this pretended art ap- 


peared, for'the firft time, in the fourth century after 


Chrift. Engaged. by this, the pretended inveftiga- 
tors. of nature foon loft fight of all’ other objects ; ; the 
transformation of metals was the only central point 
round which the then chemifts, if we may. call them 
fo, were revolving; their writings became’ obfcure 
and full of myfteries, and for that very reafon, even 
in fuch phenomena as they have occafionally ob- 
ferved, of no ufe in the true ast which in- 
quires into nature. 

To thefe authors belong Jamblichus and Heliode- 
rus (in IVth Cent.) Zofimus Panopolita, ‘Synefius 
and Olympiodorus (in Vth Cent.) Stephanus Alex- 
andrinus (in VIIth) Michael Pfellus in the XlIth 
Cent. 


V, 


After the Sciences had been opprefied in the 
Weft, by barbarity, the Arabians proved to be 
their cultivators, and inherited from the latter 
Greeks the paffion for alchemy ; their inclination to 
the marvellous made them ‚tie moft zealous pro- 
moters of every branch of Theofophy. It is in their 
"writings, we find firft the application of alchemical 
operations to the preparing of medicines, and fevera] 
chemically prepared medicaments; fo that we are 
entitled to trace from the sii the origin of Medi- 
cinal bias 

A 3 Geber 


\ 
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Geber or Dfehafar (born 702,d. 76 3 Amin or 
ren Muhammed Ebn Sacharjah Abu Bekr Al- 
Raft (in the Xth Cent. ); Avicenna, or Al Hufain 
Abu Ali Ben Abdallah Ebn. Sina (born 978, d. 
1036); Mefne, the younger (died 1028), are among 
the Arabian chemitts, 


t 
VI ‘ 
@ 7 


When in the thirteenth Century the Chriftians 
in the Weft began again by degrees to pay more 
attention to -Chemiftry, there were then no other - 
Chemifts to be found, than the operative Alche- 
mifts; and the Philofophers-ftone was the whole 
aim of their endeavours, notwithftanding the en- 
couragements which the ftudy of nature had re- 
ceived, and the increafe of knowledge which the 
greater communication between nations by means of 
commerce and navigation had procured.—The fcho- 
laftic fyftem prevailing in philofophy was unable to — 
improve the phyfics and chemiftry, learnt from the 
Arabs, or to cultivate them with the proper method, 
by experimental inveftigation of bodies, 

We fhould, however, not be too ungrateful to- 
wards this middle age, as it is called, nor judge of the 
fum as well as of the value of its practical and truly 
ufeful knowledge by ‘the rubbifh and nonfenfe of its 
fpeculative learning. 
~ The practical knowledge, which conftitutes the 
true ground-work of all fcience of nature, had ne- 

verthelefs 


£ 
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verthelefs very confiderably advanced; the pro- 
grefs of trades, arts, and manufactures, was 
filently and imperceptibly enlarged and perfected ; 


- and, in fhort, the moft important chemical opera- 


tions, which would never have been difcovered by 
the learned fpeculators, either of thofe or of our 
times, and which are the bafis of all our Chemiftry, 
were practifed in all the various branches of human 
induftry. 

Confequently the facts belonging to Chemiftry 
were already exiftent in thofe times, called barbarous 
of the middle age; but Chemiftry itfelf was not. 
The contempt and indifference, wherein the artifi- 
cers and tradefmen of thofe times were held by the 


learned fpeculators, as is partly the cafe at prefent, - 


have left thefe laft in ignorance of a number of facts, 


whereon the fyftem of Chemiftry ı was erected ina 


fubfequent age. : 

Why the inventors of the moft- nad and 
ufeful difcoveries, as well as the time of their dif- 
covery, are thoroughly unknown, may be accounted 
for by the very gradual progrefs of practical know- 


ledge in the feveral' profeffions and trades, by the - 


merely verbal inftrudtions in the teaching of them, 
and by the want of authors among the tradefmen 
and artifts; Of the chemical writers of that period 


there are certainly fome, that were acquainted with ° 


a great variety of facts belonging to phyfical Che- 


-miftry, yet there were none quite free from the mad- 


ee of pig and all the reft of their pesforın- 
A 4 ae ances 
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ances were rendered obfcure by the obftacles, which 
their alchemical labours oppofed to true Chemiftry. 
Albert. von Bollftaedi (born 1193, d. 1280) Roger 
Bacon (born 1214, d. 1294) Raimund. Lullius (bern 
1235, d. 1315) Alnold. of Villanove (born 1250, d. 
1313) J/aac Holland, and the pfeudonymous Bafilius 
Valentinus, belong to the authors of this age. 


Vi I. 


In the fifteenth century, philofophy was greatly 
enlightened by the ftudy of the originals of ancient 
Greek learning, and thefe advances received befides 
from the then invented art of printing a very power- 
ful fupport, and an uncommon facility of being pro- 
pagated. Many learned men of better underftand- 
ing began then to dilpoflefs the /cholafiic philofophy | 
of its credit, to difperfe more effectually the clouds 
of fuperftition, and to tread the paths of experi- 
mental inquiry into nature, 

Many particular chemical arts and operations had 
even then advanced to a high degree of perfeétion, 
‚of which the deferıption of the metallurgic labours 
given by George Agricola (born 1494, d. 1555) 
may ferve as an inftance. Yet, notwithftanding this, 
the difcoveries of many deferving men, in other 
branches of natural fcience, were not fa beneficial 
to chemiftry as they might have been. In {pite of 
the rapid and laudable progrefs of the former, af- 
fifted by the labours of Galileo (born 1564, d.1641) 

| | ( John 
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John Keppler (born 1571, d. 1630) René des Cartes 
(born 1596, d. 1650) Francis Bacon, of Verulam 
(born 1560, d. 1626) Otto von Guericke (born 1602, 
_ d. 1686) Evangelifla Torricelli (born 1608, d. 1647) 
Robert Boyle (born 1626, d. 1691) and Zfaac 
Newton (born 1642, d. 1727.) Chemiftry could 
not then refcue itfelffrom the Myftics and Alchemy. 

The famous Aureolus Philippus Paracel/us Theo- 
phraftus Bombaftus von Hohenheim (born 1493, d. 
1541), who as to oftentation and lies has furpaffed 
all his predeceffors in Alchemy, ‘and who to the 
ehimerical transformation of metals has added the 
phantom of an univerfal medicine, ftill found imi- 
tators and defenders; though fome of them, of 
whom I mention only John Baptift Van Helmont 
(born 1577, d. 1644) Rudolph. Glauber (who wrote 
about the middle of the 17th century) and John 
Kunkel von Loewenflern (born 1630) did, by their 
particular Jabours and difcoveries, a great deal of 
ufeful fervice to genuine Chemiftry. 

The beneficial influence of the Paracelfians on 
the difcovery, introduétion and preparation of.a great 
many very efficacious medicines, and on laying the 
foundation to a medicinal chemiftry, and chemical 
pharmacy, ought not indeed to be difregarded. 
Two men, Father Athanaflus Kircher (born 1599? 
d. 1680) and the learned Hermannus Conring 
(born 1606, d. 1682) oppofed EN with much. 
glory and er 

VII. 
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VII. 


Till then no pains were taken to arrange a philo- 
fophic fyftem, or to infer general theoretic princi- 
ples, and fundamental truths from the many chemi- 
cal facts, difcovered partly by accident, partly by 
neceffity, in the various trades, profeffions and arts, 
or in alchemical operations. Chemiftry had not 
then exifted, but the facts belonging to it had. 
The eftablifhing of a fcientific fyftem of phyfical 
Chemiftry took place only in the latter half of the 
feventeenth century. 

John Joachim Beccher (born 1635, d. 1682) laid 
the firft and’ extenfive ground, upon which George - 
Erneß Stahl (born 1660, d d. 1734) continued to 
raife the edifice, endeavouring to-colle& the princi- 
pal fas then known into a coherent fyftem, by con- 
nedting them by means of general principles. With 
thefe men the new epocha of Chemiftry begins. 

From that time the learned began to reduce 
this {cience to more determinate principles and lan- 
guage; they examined the refults of experiments 
with greater accuracy and feverity ; they confidered 
henceforth Chemifry as a branch of natural Philo- 
Sophy, and enlarged thereby its horizon, formerly 
fo much-confined by Alchemifts; they called the 
_ affittance of other kindred fciences to its-improve- 

ment; the myfterious language was more and more 
fet afide, and Chemiftry was not only more philofo- 
_ phically 
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phically treated, but alfo rendered more ufeful to 
the community. | 

By laying the bafis of a rational Chemiftry, this 
{cience was enriched with fadts, one expériment 
fupported another, and an accidental difcovery led 
to thofe made by defign. The concurrence of fe- 
veral favourable circumftances animated the {pirit 
of inquiry of many great men; their co-operating 
'induftry foon brought forth an aftonifhing multi- 
tude of new facts, as alfo the knowledge of new, 
till then unknown fubftances, and raifed the fcience < 
rapidly to greater perfection. 

Among the number of men, who fince that pe- 
riod-have in the prefent century acquired to them- 
felves lafting fame, by cultivating this fcience, I can 
only fele& here the moft celebrated. As of the 


Germans: Frederic Hoffman, John Henry 
Pott, Cafpar Neuman, John Fred. Cartheufer, 
John Andr. Cramer, Chriftopher Ehregott Gellert, 
John George Model, John Gottheb Lehmann, 
Andr. Sigifm. Marggraf, John Fred. Meyer, John 
Reinbold Spielmann, John Chriftoph. Polycarp. 
Erzlében, Ignatius de Born, Charles Count de Sic- 
kingen, Charles Wim. Scheele, Charles Fred. Wen- 
zel,* BERN 


 * To thefe muft be added the learned Dr. Gren, author of 
the prefent book, deceafed on the 26th November, 1798.— 
Ed, 4 | 


N ot 
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Not to offend, I mention none of the German 
Chemifts * now living. 


- 


* 'The tranflator makes free to add the names of Klaproth, who 
and Vauguelin may be reckoned the beft analytts; and 
befides Crell, Hermftaedt, Goettling, Leonhardt, Wiegleb, Tromf- 
dorf, Weftrumb, Gmelin, Hagen, faquin, ‘Succow, Weigel, Rich- 
ter, Scherer, Gerhard, Achard, Lowitz, &c. 


Dutcu: den. Boerhaave, Hieron. David 
Gaubius, John /ngenhoufs, Van M ons. 

French: The two Geoffroys; Reaumur; du 
Hamel du Monceau; Hellot, the two Rouelles, 
Petr. Jos. Macguer, Baumé, Sage, d’Arcet, Guy- 
ton de Morveau, Lavoifier, Berthollet, Bofe. 
d‘Antie, Bayen, Monge, Fourcroy, Chaptal, Prieur 
Adet, Hafenfratz, Seguin, Vauguelin. 

BritisH: Stephen Male, Wm. Lewis, Jos. 
Black, Henry Cavendifh, Jos. Prieftley, Adair 
Crawford, Richard Kirwan, Drs.’ Pearfon, Hig- 
pins, Crichton, and Bancroft, Sir Charles Blag ae 
Nicholfon, Hatchet, etc. 

SpanisH: Juan Jofeph and Faufto d’ Eitughr, 

Irarıans: John Ant. Scopoli, Felix Fontana, 
Marfiglio Landriant, Tiber. OR Alex. a 
Lazaro Spallanzanı. 

SWEDES: George Brandt, John Gottfch. Walle- 
rius, Axel Fred. von Cronfedt, Swen Rinman, H, - 
"T. Schefer, Henry Gahn, Torbern Bergman. 
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IX. 


What principally conftituted the bafis of the 
fyftem, fet up by Stahd (VIII.), were the pheno- 
mena which take place in combuftion; or the difen- 
gaging of fire in combuftible bodies.— Stahl pre- 
{uppofed in thefe the exiftence of a particular fub- 


ftance, which he-called Phlogifion, and which he, 


confidered as the principle of fire or combuftion. 
kt was by the aflumption of this fubftance, that the 
principal tenets of Chemiftry were conneéted.- 


Stahl was utterly unacquainted with the influ. 


ence of air on combuftion; yet on the further — 


progrefs in the knowledge of this influence, and on 
the interefting and important difcoveries of gafes in 
general, the former explanation could not but be 
found infufficient, to put into mutual agreement all 
the circumftances accompanying this phenomenon. 
It was obferved, that in the combuftion of bodies in 
general, as well as.in the calcination of metals in par- 
ticular, vital air difappears, and befides, that it may 
be re-produced, merely by making calcined mercury 
red-hot, whereby this laft is at the fame time re- 
yvived in the metallic ftate. And this difcovery 
furnifhed the firft reafon to doubt ‘the exiftence of 


Phlogifton, as the principle of fire in combuftible 


bodies and metals. 
Lavoifier *, 


= 
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_Lavoifier *, whom I have already named, (VIH.) 
among the French Chemifts of the prefent age, was 
the author of this great and total revolution, in the 
method of explanation till lately adopted in Che- 
miftry, and founded on the Aypothefis of phlogifton. 
He has eftablifhed a new fyftem, which, as it denies 
the exiftence of phlogifton, is called the Antiphlogif- __ 
tic Syflem; and which in combuftion does not place 
the principle of fire in the combuftible body itfelf, 
but in the vital air, which 1s a neceflary requifite to 
combuftion, which itfelf is thereby decompofed, and. 
- whofe latent fire is difengaged, while the combuttible 
fubftance abforbs its bafıs. 


* The hiftory of fcience, on recording his too early death, will 
never fail to ftigmatize thofe revolutionary murderers, who 
caufed the head of this innocent man to drop, on the 7th of 
May, 1794, under the axe of the guillotine. 1 


® 


However, what in the records of Chemiftry will 
give immortality to Lavoifi er’s name, is not fo 
much this Antiphlog ifici/m or rejection of phlo- 
gifton, as the difcovery of facts of the utmoft im- 
portance, whereupon his fyftem is eftablifhed; or 
whole difcovery it occafioned.—The Sectari/m, 
from which it arofe, muft be ufeful to the fcience, 
keep the fpirit of inquiry more alive, and lead to a 
feverer {crutiny of the conclufions drawn from ex- 
periments. 


ee 
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Yet whofoever examines the whole, impartially’ 
and without predilection, will find that on adopting 
the antiphlogiftic fyftem, there ftill remain chafms 
in the explanation of many phenomena, and efpe- 
cially with regard to the extrication of dight, (in 
combuftion as well as without), its fixation, its 
developement, and its changes.. It is quite in vain to 
deduce light from a modification of caloric.—This 
expreffion, if it does not involvea modifying caufe, 
means nothing at all. But if it be neceflary to 
admit fuch a caufe, modifying the caloric fo as to 
_ become light; and, if it may be allowed to call 
this caufe phlogifion, it is eafy to conceive, firft 
that it is poffible to reconcile the antiphlogiftic fyftem 
with the adoption of phlogifton, and then that the 
latter becomes even neceflary, in order to explain 
fatisfa&torily all the circumftances of its various 
phenomena. 


In the fequel I fhall explain the fundamental prin- 
ciples of this united fyftem, which might be called 
Eclectic, as well as thofe of the ftriGtly antiphlogiftic 
fyftem. 


X. 


Asa pradtical fcience, Chemiftry is founded on 
obfervations and experiments. On this account, its 
_ method of inftrudtion, to be ufeful, ought not to be 
merely fpeculative, but muft likewife offer know- 
ledge in matters of fact.—I fhall endeavour to dif- 

| | | play 
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play the principles of Chemiftry taken in its full 
extent, to deliver them in a coherent order, and 
to blend the theory with the experiments, whereon 
it refts, or by which it is confirmed. 
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CHEMISTRY. 
CHAPTER I. 
Preliminary Matters. 


Elements of Bodies. 
at § 1. 


Fxperıence teaches, that fuch natural bodies ag 

are the objeéts of our fenfations, are compofed of 
divers heterogeneous parts, or of different kinds in 
various proportions, and this even when they appear 
to be an homogeneous total, or of the fame kind. 


| ER 

To feparate thefe heterogeneous fimple parts of 
bodies, or to combine them again in a different 
way, and to learn what may be their mutual aGtions 
into, and their proportions to one another-in. thefe 
combinations, is the purpofe of Chemiftry. 


$ 3: 

This chemical feparation of the heterogeneous 
parts (partes difimilares) of compound or mixed 
bodies, we diftinguifh from the mechanical fepa- 
ration of their homogeneous parts (partes fimi- 
lares). The homogeneous parts refemble the 


et BR ar © whole 
| U 
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whole, from which they are derived, and differ from 
it merely as to magnitude, but not as to their na- 
ture. They are likewife called original, or primitive 
maffes (molecules), and by fome, integrant parts. 
The heterogeneous parts, on the contrary, are dif- 
_ ferent in their properties, as well from one another, 
as from the total, whofe parts they are; yet ina 
proper combination, and in due proportions, they 
produce a whole, which to us appears to be homo- 


geneous. In this refpect they are called principles, Ya 


confiituent parts (partes conflituentes) ; (particules 
by the French), and alfo radicals, if Dr be not 
_ themfelves a compound. | 
_Llluftration of\this, by the examples of armafphei airy 


glafs, cinnabar, water. 


§. 4. 

If heterogeneous parts are combined in fuch a 
manner, that the whole prefents itfelf even as to its 
‘ minuteft parts in the fhape of an homogencous body, 
or’ that in the compound they cannot be diftin- 
guifhed from each other by our fenfes,- the body 
which they thus: form is called mixed, or chemically 
combined. If the reverfe be the cafe, that is to fay, 
if the body be made up by a mere appofition of dif- 
tinguifhable parts, it is called a mingled ma/s, or 
mechanically united.—This diftin&ion ought to be 
carefully remembered. | 

Inftances of mingled Bodies, The granite, porpybry, blood, 
ewhegten flours 


+ -Some- 
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Sometimes the parts of a mingled body are not diftin- 
guifhable from each other by the naked eye, and fuch _ 
would be apt to be miftaken for a mixed body, did not 
other EEE meron fhew the contrary. 


§ 5. 

Heterogeneous fubftances, when merely min- 
gled, or made up by mere appofition of parts, 
preferve their former nature and qualities: on the 
contrary, if they be méred,- they then conftitute a — 
body with properties totally different from thofe of 
its conftituent parts. 

Examples: A mingled mafs of falphur and calx of arfenic, 
and their mixture, or yellow arfenic, which laft is a 
chemical compound produced by fublimation.—A 


“mingled mafs of mineral alkali and filiceous fand, and 
their mixture, or chemical combination, glafs. 


Experiment: Blend or mingle accurately together, two 
parts of fine white quartz-fand with three parts of 
mineral alkali, that has loft its water of cryftallization. 
The mingled parts will ftill exhibit their former na- 
ture unchanged.—Melt them with the affiftance of the 
blow-pipe into a clear tranfparent glafs, the mineral 
alkali will no longer fhew in this compound: its tafte 
nor its folubility in water. . 


$ 6, | 
The combination of heterogeneous parts, fo as 
to conftitute an homogeneous total, is called a.che- 
mical combination, or fimply mixture, compofition 
(/ynthefis); and the feparation of fuch parts is 
called decompoft tion (analyfis). But if homogencous 
Cc 2 \ parts 


( 
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parts are only added together, the procefs is called _ 
mechanical combination, or fimply aggregation, and 
the produét has the name of aggregate ; vice verfa, 
if homogeneous parts are mechanically removed from 
each other, the term /eparation, or allo divifon ot 
the body is made uf€of. "Thefe two laft operations 
do not produce a new body, but a body of an aug- 
mented or diminifhed mafs; fince then only in- 
tegrant parts (§ 3) are joined, or feparated. 


§ 7- 
If the conftituent parts, obtained from a mired, 
_ or from a mingled body (§ 4) are full a compound, 
and did as fuch pre-exift in the body, and are not 
altered by the feparation, they go by the name of 
proximate conftituent parts (partes proxime) ; and 
the heterogeneous parts, of which they ‘are com- 
poled, have obtained the name of remote confli- 
tuent parts (partes remote) of that body. | 


E xamples. A. " OF Mixed bodies. 


1. Common Pump-water. ° 
VANS SATIRE TR ES Se A SEO 


Ye 2 MET Nae INE RCE 
Water. Carbonat of lime. - Gypfum. 
a N Ne 


Oxygen. Hydrogen. Carbonic Acid. Lime. Sulphuric Acid. Lime. 


IE 303) ’ 
Oxygen. RadicalCarbon. Oxygen. Radical Sulphur. 


2. Brandy. 
_ Alkohol. Water. 
! Ne ; ow) 


IE, L AIR ¥ 
Phiogifton Hydragen. RadicalCarbon. Oxygen. Oxygen. Hydrogen, 


or i 
Radical oflight, 


HER OF 


we 
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B. Ofa Mingled body. 


Granite. 
ae ER NER ED BER 
Feldfpar. Quartz. - Mica. 
| en, ER = 
- Silex. Argil. Silex: Argil. . Argil, Silex. Magnefia. 
§ 3. - 


The firft original fubftances, of which bodies 
confift, and an are not themielves compounded 
of heterogeneous parts, are called elements, fir 
principles, radicals. Many fubftances cannot be 
farther decompofed by the chemift into conftituent 
_ heterogeneous parts ; but this does not entitle us to 
rank them among the elements. Though they are 
as yet undecompofed, it does not follow that they 
are undecompo/able; as perhaps neither our fenfes 
nor our inftruments will ever reach thofe fubftances 
which by their nature admit of no fort of decom- | 
pofition. Of thofe bodies that are known to us 
as fimple fubftances, and whofe number amounts to 
forty, fome may be fenfibly exhibited in their 
fimple flate uncombined with other matters foflen- 
file, producible, fimple fubjiances) ; others may not, 
and their exiftence or prefence is only inferred from 


facts (unoftenfible, unproducible fimple fubflances). 


The following i is the lift of /imple Lie at 
prefent known :. | 


ca x A. Un- 
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A. Unprodugible Simple Subftances. - 
1. Phlogiffon, or bafisoflight 15. Radical of Lead 


35. Strontion 


2. Oxygen 16. Copper 
3. Hydrogen I en Run 
4. Azotie — ) | 18. Tin 
5. Carbonic 19. ———— Zine 
6. Sulphuric 2 20. ———— Bifmutb 
7. Phofphoric = 2, m— Antimony 
"8. Muriatic , 22. ——— Nickel 
9. Fluric i 23. Cobalt 
10. Boracic 24. ———— Arfenic 
, Cine 5. a ~Manganele 
11. Radical of Gold | 26. ———— Molybdena 
rn. Platina 27. ————-._ Wolfram 
13 Silver 28. ——— Uranium 
14. ee Mercury 29. ——— Titanium. 
B. Producible, Oftenfible, Simple Subftances. - 
30. Caloric. 36. Argillaceous a 
37. Circon 5 
31. Siliceous 33. Auftral m 
32. Calcareous ie — — 
33. Magnefian 5 39. Vegetable = 
34. Ponderous + 40. Mineral } a 


According to Lavoifier’s Syftem, the lift is, 


Unproducible Simple Subftances. 


‘I. Oxygene +5 4. Radical muriatique / 
2. Hydrogéne 5. Radical fluorique 
3. Axote 6, Radical boracique. 


Producibie 
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7. Calorique - 
8. 
9. 


10. 
aI, 


‘Ay 
14. 


13. 


16. 


ER 
18. 
19. 
20. 


21. 
22. 


23. 


24. 


Producible Simple Subftances. 


Lumiére 
Carbone 
.Soufre 
Phofphore 


Or 
Platine 
Argent 
Mercure 
Plomb 
Cucvre 
Fer 
Etain 
Zine 
Bifmuth 
Antimoine 
Nickel . 
Cobalt 


25. Arfenic 
26. Manganéfe 
27. Molybaene 
28. Tungstene 
298 Uranic 
30. Titan 


31. Silice 

32. Chaux 

33. Magnéfe 

34. Baryte 

35. Lerre de Strontion 
36. Alumine 

37. Terre de Circon 
38. Terre auftrale 


39. Potaffe 
40. Soude. 


The difference in thefe two lifts, arifes from the Authors ate 
tempt to unite the two fyftems (IX. Introd.) by adopt- 
ing a Phlogifton, though in a different way from Srabl 
{§ 182, 189.—194).—Alfo, from latter difcoveries, the 
auftral earth fhould be omitted; and among the metals, 


the zellyrium, and chrome added. 


Edit. 


§ 9. 


The impoffibility of producing fome of thefe 
elementary principles arıfes, no doubt, from. their 
great tendency to unite with other fubftances, and 
from the opportunity to meet with them at every 
feparation ; fo much fo, that we know them merely 


c 4 by 
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by the particular oftenfible compofitions which they 

form. On this circumftance alfo depends the caufe 

why we are able to feparate, by art, various com- 
pounds, but not to reproduce them. 


Examples are furnifhed by /pirit of wine, wine itfelf, and 
a vaft number of other fubftances. ‘ u 


§ Io. 
In the decompofition of one or more bodies, 

it frequently happens, that feveral of their hetero- 
geneous conftituent parts unite in different propor- 
tions from thofe they had before, and thus generate 
a new body, which owes its exiftence merely. to 
the operation that was performed. Such. body is 
called a product (productum) in oppofition-to educt 
(eductum), which pre-exifted in that body before 
the decompofition as fuch a fubftance, and of the 
very fame properties with which it is obtained. Hence 
it follows, that every product muft be a compound ; 
educts may be fimple or compound fubftances, 


An Inflance in carbonic acid gas, that makes its appear- 
ance on mixing a folution of potafh with an acid ; in 
Spirit of wine, on the fermentation of faccharine juices ; 
in the empyreumatic oil at the Peay of tar from 
pines, firs, and the like, ‘a 


Gr a Mechanical 
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Mechanical Divifion and Separation. 


Wark; 


The divifion of bodies into homogeneous parts, 
and the feparation of mingled heterogeneous parts 
is properly no object of chemiftry ; it is, how- 
ever, of great affiftance in the chemical examination 
of bodies. It is performed by mechanical means, as 
they are called, when by an exterior force the co- 
hefion of parts is overcome, and thus the body re- 
duced to pieces. Various inftruments are made ufe 


_of for this purpofe, according as the cohefion of the - 


component parts is different, 


12, 

To the methods of feparating homogeneous parts 
belong, the breaking of hard and brittle bodies 
by the hammer, pounding and pulverization with the 
peftle'in metallic mortars'; the pounding in Ramp- 
mills; the grinding in mills of various kind; the 
trituration in triturating-mortars of agate, glafs, fer- 
pentine, with a pefile of the fame materials ; the evi- 
gation and preparation on a grinding-flone, and a 
muller of fome hard ftone ; the Jo lentes of hard and 
brittle ftones and glaffes, by making them firft red- 
hot, and then guenching them in cold water. | 


is 
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As to bodies of a tougher nature of the animal 
and vegetable kingdom, cutling, planing, grating, 
rafping and flamping, are means of comminution. 
As to the ductile metals, the jiling in a hand vice, 
the reducing them to Jhavings on the éurner’s lathe, 
their lamination with the hammer on the anvil, or 
by rollers and ‚retching-mills, and clipping the 
obtained laminas with the /Rears, or gr tes and 
granulating like leaden shot. | 


Such pieces’ as are not {mall enough, are feparated 
from the finer particles by eves and frainers, to be, 
if neceflary, farther attenuated. For this purpofe 
alfo ferves the procefs of elutriation, founded on the 
experience, that heavier bodies fooner fink in water, 
than lighter ones, 


§ 13. 

_ Blended parts of extraneous ‚matten; and: of 
different ‘Apecific gravity, are parted in. fimelting 
houfes by famping and fubfequent wa/hing ; which 
operations reft on the fame principle as Latte 
ation. x | sa wos 


Thiet 


Solid bodies, when intermingled with Meehan and 
when of a greater {pecific gravity, feparate by reft;, 
after which the clear liquid may be obtained -in 
a depurated ftate by decanting, or may be drawm 
off by means of a /yphon. Or elfe liquids are 
| ee Ce a Jiltrare) to feparate the folid 

| bodies 
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bodies which are mingled with or diffufed in 
them; and to this end feveral filtering inflruments 
are ufed, as layers of raw in cafks with perforated 
bottoms ; conically twifted filtering or printing 
paper, placed in funnels or filtering-ba/kets; linen, 
and Zent-cloth, ftretched on a frame (tenaculum); 
loofe hemp, or flax, {pread over an expanded net. 


Quickfilver is cleaned from filth by being banken 
through a bag of Jhammoy-leather. | 


‘What remains in the Eisernen Be is far- 
ther freed from the ftill adhering particles of the 
fluid, by pouring on it a fuitable liquid, commonly 
‘water ; and this is called edulcoration (edulcorare); 
it is alfo called Zkriviation (elixivare), if it be in- 
tended to make ufe of the filtered fluid. 


To clarify fuch liquids as do not admit of being 
filtered, an ingenious procefs is employed to fe- | 
parate from them the fine floating particles of extra- 
neous matter. For this purpofe fuch fubftances 
are added, as in a cold temperature may be dif- 
folved in the liquor, but rife to the furface by 
coagulating at an increafed heat, as the white of 
egos, bullock’s-blood, &c. By thefe the impurities 
are enveloped, and may therefore be /kimmed off 
together, 


Primitive 
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Primitive Powers, and the Forms of Matter 


depending thereon. 


§ 14. 

The feparation of bodies into heterogeneous parts, 
as well as their compofition from them, cannot 
be effected by any outward force, which only de- 
ftroys the accumulation, but not the mixture of 
bodies.—By the moft fubtile comminution of 


mixed bodies we never obtain their conftituent, but  - 


merely their integrant parts, or original maffes 
(molecules). Therefore, if we intend to deftroy 
the combination of heterogeneous parts, we muft 
rather employ thofe powers which are inherent 
in corporeal fubftances, and by the actions of 
which they combine among themfelves. This pri- 
mitive power, taherent in all matter, by which 
homogeneous and heterogeneous parts mutually at- 
tract each other, becomes alfo the means of feparat-_ 
ing them; becaufe the powers of attraction are of 
different intenfity in the various original fubftances, 
as will be fhewn hereafter. 


§ 15. 
We know, by experience, that in the corporeal 
world changes take place in the condition of 
beings: changes with regard to place and motion. 


mie | Thefe 
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Thefe we underftand by the expreffions, natural 
events, phenomena; and the efficient caufes of thefe 
changes go by the name of powers. 


§o16. © 

On confidering the feveral matters of this vi- 
fible world more clofely, on fcrutinizing .carefully 
their actions and effects, and on purfuing the phe- 
nomena up to their firft caufes, we meet at laft with 
a ftop at fome effects, which it is impofftble for us 
to analyfe farther. To account for thefe, we are 
obliged to aflume three primitive powers, eflentially 
different from one another, inherent in the refpec- 
tive matters of our fenfible world; and which, in 
the prefent ftate of our knowledge, are regarded as 
the firft innate caufes of all the multifarious phe- 
nomena among corporeal beings. 


an Sry: 

Thefe three primitive caufes are: gravitation, 
or power of gravity; the power of cohefion, or at- 
tractive power; and the power of expanfion, or re- 
- pulfive power. They differ effentially from each 
other, and act upon totally different laws on the 
fubftances fubjected to their influence. | 


The power of gravity is ufually confidered as not eflenti- 
ally different from the power of cohefion; and both are 
comprehended under the common name of power. of 
attraGion; yet the proofs of this do not feem to me 


convincing. 
| § 18 
9 


‘ 
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g. 18. 

The phenomena that are occafioned by gra- 
vitation, .or the power of gravity { vis gravitg- 
tis), are not objects of chemiftry; they belong 
to the province of phyfics. But fince the two other 
primitive powers afford the means of chemical 
-analyfis and combination, it is neceffary, to be ac- 
quainted with their phenomena. 


§. 19. ä 
The power of cohefion, (vis cohefionis, ad- 
hefionis, attractionis), is that force of matter, 
whereby its parts are connected in fuch a way, that. 
they refift upon their removal or feparation; in other 
words, that they diminith the force employed te 
effect their feparation. 


§ 20. 

The power of expanfion (vis expanfiva, rapa 
fronis), is that force of matter, by which its parts 
refift when it is attempted to bring them. nearer 
together, or whereby they ftrive to fecede from each 
‚other, 


Gel: 
 Hence, by the cohefive force, the RE of 
matter are making efforts to approach one another, 
and by the expanfive force they are ftruggling 
to feparate from each other. Both thefe forces are 
~confequently in direct oppofition. If both are 
| ; 5 equally: 
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equally great, or of equal intenfity, they naturally 
do not caufe any motion; that is to fay, the refult 
of their reciprocal actions is—reft of the parts. It 
is in this cafe only that the Santee fills its {pace with 
conktinuity. 


22% 


We have reafons to fuppofe, that the effential 
“and fpecific difference of the principles (§ 3) in 
this fenfible univerfe is grounded on the different 
intenfity of their primitive, innate powers, which 
caufes the greater or lefs degree of activity in the ’ 
yarious fpecific original fubftances. 


Kant’s Metaphyfical Elem. of Nat. Philofophy, p. 100. 


| § 23. 
ein: the reciprocal influence of thefe primary 
powers, and their refpective intenfity, particularly _ 
depends the form of aggregation which we obferve 
in bodies, wherefore we diftinguifh three fpecies 
of aggregation : folid bodies, liquid fluids, and er- 
penjible or elaflie fluid bodies. 


| § 24. | 
Solid bodies (corpora folida), (8.23) are thofe 
which, by the greater intenfity of the cohefive 
force acting in their primary mafles, prefent an ap- 
parent and; confiderable refiftance, when. their parts 


are removed. from: the (pees which they occupy- 
Yet 
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Yet the ftrength of the cohefive power has, even in 
different folid bodies, manifold gradations with re- 
gard to the furfaces of their original maffes; and 
this again gives rife to particular fubdivifions, which, 
however, are fo little diftinguifhed by fixed lines, 
_ that the different fpecies, which thereby fhould be 
determined, rather imperceptibly run into one 
another. 


| § 25. | 

Thus we diflinguifh hard (corpora dura) from 
foft bodies (mollia), by the greater or lefs refift- 
ance they exert on the feparation of their parts. 
Here we obferve numberlefs degrees; and we are in 
abfolute want of a fcale by which properly to mark 
their limits. Such folid bodies as admit of their parts 
being confiderably moved upon one another by an 
external force, without lofing their cohefion, are 
_fupple, tenacious, ductile, malleable (ductilia) ; and, 
on the contrary, brittle (fragilia), if their parts can- 
not be difplaced without being disjoined, or without. 
deftroying their cohefion. The increafe of the brit- 
tlenefs of bodies attending their increafe of denfity 
is, doubtlefs, an evident effect of the repulfive. force 
that now becomes more active. 


It is a common, but falfe conception, that by the diften- 
_fion of tough bodies, for inftance, the drawing of. 
wire, lamination of metals, &c. the parts are, in 
general, removed more afunder. On-the contrary, . 
they approach nearer, when by diftenfion they are 

| moved 
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moved upon one another, as the increafe of fpecific 
gravity fhews on the drawing of wire, or laminating 
of metals. Hence it. follows, that the volume or 
bulk muft, in this cafe, decreafe; and that a drachm 
of gold drawn into wire, or beaten into leaves, takes 
up lefs room than if caft in the form of a ball. 


§ 26, 


Contractility, which is. likewife called elafi- 
city, is the effect of the power of cohefion; it 
is an attractive elaficity, and materially different 
from expanfive elafticity. It is met with only in 
folid bodies; it always pre-fuppofes ductility, and 
manifefts itfelf only by this, that the parts removed 
by an outward force ftruggle to refume their former 


propinquity, and do really refume it, whenever that 
force-gives way. 


§ 27. 

‚Fluid. bodies (corpora fluida) are thofe whofe 
parts may be moved upon each other by any force, 
however fmall. Of thefe there are two fpecies, 
effentially different, to be diftinguifhed: liquid and 
expanfible fics, 


| | § 28. 
_ Liquid fluids, or fach as are capable of drop- 
ping. (corpora liguida), (§ 23, 27) prefent them- 
felves to our fenfes in the form of a coherent 
aggregate, and affume, when in fmall maffes, a 
‘{pherical figure; or they form drops, as often as the 
<dWOL. f. | D | | mutual 
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mutual attraction of their parts is not difturbed by 
other bodies. They undoubtedly poffefs a’ certain 
degree of compreffibility, and manifeft, when com- 


_ preffed, expanfive elafticity. 


$ 29. 

‘pasar bic, or ftrictly elaftic fluids (fluida ela- 
‚Rica expanfbilia), thew no cohefion of parts ob- 
fervable by our fenfes; or the attra&tive power of 
their parts is deftroyed by their repulfive power, 
poflefled of a ftronger activity. On account of this 
fuperior expanfive force, they muft neceflarily fpread 
out on all fides without bounds, if the gravi 
of fome parts, or the fuperior attraction of ex- 
traneous fubflances for them, does not prevent it, 
and fet limits to their expanfion. 


§ 30. 

Thefe expanfible fluids (§ 29) I fubdivide again 
in a double point of view: firft, into pure exr- 
panfible, and ponderous expanfible ; and then into ~ 
fluids expanfible by their own nature, and ex- 
panfible by communication or derivation. In the 
firft,.the motion of their parts is actuated by no 
other force than the expanfive power, either original 
or derivative; and they expand from: the place 
where the repelling force begins to be active, in all 
dire&tions, with equal facility; and it is only the 


€ounteracting force of attraction in other primary * 


fub- 
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fubftances, that is able to fet limits to their ex- _ 
panding infinitely. Thefe pure elaftic fluids are 
alfo ftyled radiant. Fluids, elaftic by themfelves, 
poflefs originally their expanfive elafticity, fuch as 
caloric; at leaft we know, as to the latter, no fub- 
- ftance, and our fenfes offer us none, wherefrom we 
could derive its power of expanfion. 


Though, in order to facilitate the geometrical repre- 
fentation of the ideas that occur on explaining the 
phenomena prefented by pure expanfible fluids, it is 
allowable to reprefent their propagation in the man- 
ner of rays; vig. to imagine the propagation of their 
{mall fpherical particles in ftraight lines; yet there is 
nothing that can prove the reality of this atomiftical 
manner of reprefenting. Like all other bodies, they 
rather fill their fpace, even on greateft rarefaction, 
with c¢ontinuity$ and the .appellation of greater 
rarity, is but an expreflion to fignify their weaker 
@xpanfive or repulfive force, which decreafes in the 
ratio, as the fquare of the diftances from the place 
where their adivity Begins, increafes. I therefore 
ho longer admit diferete fluids, as they are termed, 


§ jie 

The ponderous expanfible fluids (§ 30) the dif- 
ferent kinds of air, for inftance, poffefs all a de- 
rivative expanfive elafticity. It will be proved, in 
the fequel, that every one of them confifts of a 
ponderable bafis, which is not expanfible of itfelf; 
but fuch as, by the reciprocal action of its own at« 
trating and repelling forces, would have the aggie- 
| | D2 "gation 


oo 
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sation of folidity: and befides, of a fubflance er- 
panfive by its own nature, the caloric, by the fu- 
perior expanfive power of which, the original at- 
tractive forces of the bafis muft neceflarily difappear. 
The gravity of their parts prevents them from ex- 
-panding in the manner of pure elaftic fluids. 


a : 40, 

Fhe ponderous elaftic fluids (§ 30, 31) may 
be farther fubdivided into aeriform, or gafeous 
(fluida aeriformia—fluides gazeur), and into va- 
porous, or vapours (vapores). The former pre- 
ferve their elaftic form on whatever compreffion we 
are able to employ, and at any degree of cold that 
we are acquainted with; the elafticity of which _ 
they were poffeffed, is therefore, under thefe cir- 
cumftances, permanent; and their combination 
(§ 31) is not deftroyed by mechanical compreffion. 
‘The latter, on the contrary, viz. the vaporous 
fluids, lofe their form of elaftic aggregation in 
both ways, by compreffion and by cold; the innate — 
attractive powers of the parts of their bafis will 
again predominate; and thefe parts, receding from 
the caloric, unite to form either folid or liquid 
bodies. 

Spike | 

The liquid-fluid bodies, known to us, are not 
indebted for this form of aggregation to their ori- 
ginal innate powers; by thefe they would, without 

‘ ex = 
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exception, rather be folid bodies. Their liquidity 
is communicated, and it is an effet of the in- 
fluence exerted by the expanfive caloric, as here- 
after will be proved more fully by experiments, 
Hence caloric has, by its expanfive force, a fhare — 
in producing the form of all ponderous expanfible, 
and of all liquid bodies. | 


Thus water is, under o Reaum, a folid body (ice); above 
o till 80° at the common preffure of the atmofphere, a 
Liquid (properly water); at 80°, and above, again 
at the fame common preffure of the atmofphere, an 
elaflic fluid, (aqueous vapour, fleam). 


Ore LE Er 

A great many liquid bodies would, in the ufual 
degree of heat which we live in, not at all ap- 
pear in that form of liquidity, were it not for the 
preflure of the atmofphere, by which the-original 
attraclive forces of the particles are affifted. We 
certainly fhould not even know them as fuch; but 
by the expanfive power of the caloric combined 
with them, unlefs overbalanced by that preflure, 

they would be transformed into expanfible fluids, 
Without the preffure of the atmofphere, water would, 
direäily at the point of thawing, affume the form of 


elaftic fluidity, and in no way acquire the interme» 
diate ftate of liquidity, 


Experiment to prove this affertion by means of ether, vide 
Lavoifier Traité Elem. Tom. I. page g & feq. 


D3 § 35: 
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SEES 
One remarkable phenomenon relative to a 
power of attraction inherent in matter, is the de- 
termined figure affumed by its parts, if that force 
can act upon them freely and unimpeded. Con- 


cerning liquid bodies, it is the formation of drops, . 


and concerning folid bodies, it is the eryfallization 
or terture, which in this view deferve our clofer con- 
fideration. 


§ 36. 


All liquid bodies affume, as we have already. 


remarked (§ 28) when in fmall maffes, a {pherical 


figure, and form drops, provided they do not unite - 


fo much with fome other body as to fpread upon it. 
Thus, finely divided quickfilver forms globules on 
wood, on glafs, on ftone, and fimilar matters. 


The fame holds good as to water and wine on wood, 


glafs, paper fprinkled with the feed of the common 
club-mofs (lycopoduim clavatum); and all liquid 
bodies affume the fpherical figure, when falling in 
{mall maffes through the air, with which they da 


‚not cohere. A mere inert fluid mafs would, in any 
cafe, retain the figure it once poffeffed, and not form 


drops. If it be not at firft thaped tn this figure, it 
will never be endowed with a globular form, unlefs a 
motion of its parts takes place, | 


_  Thusthevery formation of drops demonftrates, that 
there muft exift a caufe which produces that effect. 
This 


N Ar 
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This caufe cannot be’gravity, for this, agreeably to 
experience, is rather an obftacle to the forming of 
drops;, fince, by the weight of the particles, larger 
drops refting on {plid bodies are flattened, and’ the 
regular {pherical form prevented. The fmaller the 
drops are, and the lefs their weight is, the more 
perfect is the {phere which they form. 


To explain this phenomenon in a fatisfactory way, 
there remains only the power of attraction between 
the particles of the liquid body; vzz. if it is 
fuppofed that the elementary particles of a corporeal 
fubftance reciprocally attract each other with equal 
force, and that their aptitude for being moved 
upon one another be great enough to put no im- 
pediment to their motion, it follows, by the true 
principles of mechanics, that the equilibrium of the 
attractive forces can only take place when the mafs 
has received a globular fhape. 


. § 37- | 
The parts of folid bodies likewife affume a de- 
termined form, and compofe groups of a peculiar 
figure, when fuffered to follow, unimpeded and 
freely, that motion which, by the power of attrac- 
tion, is produced among them in determined di- 
rections. But here this remarkable circumftance 
interferes, that the particles do not attract each 
other in all direétions with equal force; and hence 
DA  _ fmaller 
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fmaller groups already formed, as alfo primitive 
figures with certain furfaces, exert a ftronger at- 
traction than others; thus forming polyedral folids, 
which are called cry/fals. 


oh es. 

In order that folid bodies may form cutis 

of determined and regular figures, or, in other 
words, that they may regularly eryfallize, it is re- 
quired, ıft. that they be brought into the’ ftate of 
fluidity, in order that their parts may acquire, in a 
high degree, the capacity of being moved one over 
the other; and, 2d. that they do again congeal 
gradually, and without being difturbed; or, what 


is the fame, do gradually pafs from the ftate of . | 


fluidity to that of folidity, during which tranfition. 
their parts join together in determined dire¢tions, 
and form in that manner bodies, if not always of 
certain fixed outlines, at leaft of a determined tex- 
ture. 


Under thefe conditions.it may indeed be faid of 
all folid bodies, that they affume a peculiar decided 
figure, or that they cryftallize: and nature fhews 
us this determined form and texture ın numberlefs 
_ folid bodies of the mineral kingdom, and in end-. 
lefs varieties, ın ftones, falts, metals, fulphur, and 
congealed water; fo much fo, that the very forma- 
tion of organic parts may be derived from fimilar _ 
caufes, 

If 


a 
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If many foffil bodies do not appear in fuch res 
gular form and determined texture, we may never- 
thelefs, from their being met with elfewhere, coy- 
. clude, that on their concretion, only thofe condi- 
tions were wanting on which this phenomenon de- 
pends. Art, it muft be admitted, cannot imitate 
nature in the configuration of many bodies, as it: 
does not poffefs the means of bringing many fub- 
{tances into the requifite ftate of fluidity. 


Examples: In the cryftallization of faltpetre, Glauber’s and 
other /alts. . 


Cryftallization of various falts in fingle drops, that may 
afterwards be viewed by a microfcope. 


The flver-tree, or arbor Diane—the lead-tree—the tin- 
tree. 


$ 39. 

The firft condition neceflary to the formation 
of cryftals ($ 38) mobility, and capacity of being 
eafily difplaced, is procured, with refpeét to folid 
bodies, by fufion, or by folution in a liquid, or by 


transformation into vapours; or alfo, laftly, by a 
very fubtile divifion in a fluid medium. 


The fecond condition, the removing of what has 
. caufed the fluidity, in other words, the concretion 
is effected either by refrigeration or congelation, or 
by evaporation of the menftruum, or by precipita- 
tion, or by repofe and_fubfidence. Yet here the 

| attrac- 


Er 
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attraction of the coagulating particles muft by no 
means be difturbed or hindered by any kind of 
motion, fuch as ftirring, fhaking, &c. If the tran- 
fition from liquidity to folidity be too fudden, the 
particles then have not fufficient time to unite,, as 
fuits the attraGtion of their furfaces, and the form 
pecomes irregular. 


Examples: In the formation of cryftalline folid bodies, — 
by pafling from the fluid tothe folid flate; ift. (after 
preceding liquefaction by cooling) frow, ice, fulphur, 
antimony, bifmuth; 2a. (after preceding folution, by 
evaporating the folvent medium, or by its frigefac- 
tion) the numerous /alt-cryfals, realgar, (by precipi- 
tation) the metallic tree-like cryfallizations; 34. (after 
preceding converfion into vapour) the eryfalline fub- 
/imates, and, as they are called, chemical flowers ; 
and, 4th. (after preceding fine divifion in a fluid) 
the faladites, or drop-ftones. 


3 § 40, 

A vaft multitude of larger cryftals may be me- 
chanically divided into {maller ones, which then, 
with regard to figure, may, or may not, refemble 
the greater. The firft is the cafe, when- the fe- 
paration of the larger cryftal can be made in a di- 
rection parallel to all its furfaces; otherwife they 
have no refemblance to it, or the primitive form 1s 
different from the fecondary. : Abbé Hauy has, in 
many foffils, inveftigated this fubje& with great ac- 
guracy; and has, from the accumulation of certain 

| I primi: 
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| primitive forms, according to fome fixed! laws, very 
fuccefsfully illuftrated the manner in which larger 
eryftals are formed out of fecondary figures. 


According to Hauy, all the primitive forms of cryftals, 
hitherto difcovered, may be reduced to fix, namely: 
the parallelopipedon; to which belong the cube, the | 
rhomboid, and all folids terminated by fix fides, of 
which two are always parallel; the regular tetrabedron; 
the regular odahedron; the /ix-/ided column; the do- 
decahedron, with equal and /imilar trapeziums; and the 
dodecahedron, with ifofcelic-triangular furfaces. 


The editor would not forego the ufe of language 
adopted by chemifts and mineralogifts; he hopes, 

. therefore, not to be blamed, if, in defcribing cryftals, 
he frequently ufes the term column, where rather that 
of parallelopipedon, ox prifm, fhould be employed. 


§ 41. 

Not only the parts of certain bodies cohere 
together, but likewife entire and different bodies,’ 
placed in contact; and this cohefion is, among 
bodies of the fame kind, the ftronger, in proportion 
to the clofenefs and number of points which touch 
one another: fo likewife do bodies of different kinds 
cohere among themfelves, However, the ftrength 
of cohefion between various heterogeneous bodies Is 
very different, notwithftanding that the dimenfions 
of the furfaces placed in contadt may be the fame. 


Two polifhed brafs or glafs plates cohere together; but. 
they cohere {ill more if they be moiftened with 
water, or greafed, 


Experi- 
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Experiments towards determining the ftrength of cohe- 
fion of metallic or glafs plates with water and quick: 
filver. 


Guyton de Morweau had round plates, of equal fize and 
figure, made of various metals. They were of one inch 
in diameter; and he afcertained the force with which 
they adhered to quickfilver, upon the furface of which 
they were fufpended. The plate of 


Gold adhered ll a force of 446 grains. 


Silver - - = -,- - - 429 — 
SRA Site sae 418 — 
Lead "rer ae ae - - 397 — 
Bifmth - - - = + = 372 — 
Zine we Bower ay Wella ci sy EA en 
Copper = re - == - 142— 
Antimony - - - ses Er ie 
fron e+ ee forge Lh = I15 ae 3 
Cobalt 8 nn Are 


It is upon this cohefion of heterogeneous fubftances, in 
clofe contact, that glueing, cements, mortar, Soldering, 
dinning, filvering, and gilding, are founded, 


tae 

If the particles of a fluid mutually attra&t each 
other lefs ftrongly than they are, attracted by 4 
folid body, they will, when in contaét, ftick to the 
st et and make it wet, or diffufe themfelves upon 
; but, if the contrary take place, they will form 
2 globules or drops. 


. Upon this greater or lefs ftrength of cohefion, which the 
particles of a fluid have among themfelves, in op- 
pofition to their coherence with any folid body, de- 

pends 
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pends the concave or convex furface of the fluid in a 
veffel, its flowing or not flowing down the fide of a 
veflel, on being poured out from it, when quite filled, 
and its brim not turned downwards; and other fuch 
incidents, as that of glafs globules fwimming upon 2 
Auid, and being feemingly repelled from, or drawn 
towards the edge of the veflel. 


The phenomenon of the capillary tubes belongs to this 
place. 


$ 43: 

As the different heterogeneous bodies do not 
cohere together with equal force, fo do likewife the 
different heterogeneous primary fubftances and con- 
flituent parts of bodies fhew an unequal ftrength 
of attraction for each other. We are taught by 
experience, that two fubftances of different kinds, 
which are combined and united into an homo- 
geneous whole, may be feparated, if a third fub- 
{tance be added, towards which either of the two 


exerts a ftronger attraction than it had to ıts former 
affociate. 


Experiments: To a folution of chalk in nitric acid add 
a folution of pot-afh; the chalk will re-affume its 
original form. 


Into a folution of gold pour fome naptha; fhake the 
whole well, and let it again remain at reft: the naptha 
will then deprive the folution of all the gold. - 


Caufe quick/luer, diffolved in nitric acid, to re-appear 
by the addition of Zraß or copper, or copper diffolved 
- in fulphuric acid, by the addition of iron, - 


, : | $ 44. 


er. 
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§ 44. 

Let us then fuppofe, that to a body, compofed 
of two heterogeneous conftituent parts, A and B, 
a third fubftance C be added, and that A has a 
ftronger attraction to C than it has to B, with 
which it was before combined; in this cafe A and C 
will naturally unite. If, now, the combination A C 
has no longer any attraction to B, this latter will 
of courfe be excluded from it. Here, therefore, a 
chemical feparation and compofition takes place; 
and it appears from this, that the attractive and re- 
pulfive powers inherent in matter, are means to 
produce. chemical feparations and compofitions, 
Which by mechanical means cannot be effected. 


Chemical Affinities. 


§ 45. 

In chemiftry, the ation of that power whicli 
is naturally inherent in heterogeneous fubftances; 
and by virtue of which they unite together in va» — 
rious degrees of intenfity, goes by the name of 
chemical affinity, or elective attraction; and that 
fubftance is fuppofed to poflefs a nearer or greater 
affinity with another, which is more ftrongly at- 
tracted by it, than to a third which is lefs; 


& 46, 
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8 46. 

On a review of the various phenomena which 
obtain, when fubftances of different kinds are com= - 
bined. or feparated, we cannot help diftinguifhing 
feveral fpecies of affinities, all which may be brought 
under three heads: 


1. The.afinity of compofition, or mixing affinity. 
faffinitas fynthetica), whereby two or more hetero- 
geneous fubftances unite, to conftitute a new and 
thoroughly homogeneous whole. 

Examples: Water and Salt. 
Alkobol and Refin. 
Sulphuric Acid and Argils 
Nitric Acid and Potafh. 
Silver and Sulphur. 
Silver and Gola. 
Silver, Gold and Copper, &c. 


§ 47- 

To this firft fpecies belongs the appropriation (i=. 
termediate affinity), when two fubftances of dif- 
ferent kinds, that fhew to one another no com- 
ponent affinity, do, by the affiftance of a third, and 
together with this laft, combine and ‘unite into an 
homogeneous whole. The preparing affinity; fo 
called by fome, is as little to be, confidered as a 
_ Separate {pecies, as the appropriating affinity. 

Examples of appropriation. 


Fat Oil, Water, Alkab. 
; Sulphur, Water; Alkalis 


§ 48: 
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. § 48. 

2. The /imple affinity (affinitas electiva h m- 
plex, analytica cum fynthef fimplici) takes place, 
when two heterogeneous fubftances, united to 
one homogeneous total, are parted by adding a 
third, which more forcibly attradts either of the two 
united than they do each other, and the one is by 
this procefs leparated from the other. 


Examples. I. 


_ Preceding compofition. 
pom nn | 
Refin Sint | Hgg: 

new compofition. 
Water 


at gn pin 
Pa 


Preceding compofition. 


(Alum) ms, 
Te Bias Sarg pos : 
Argil Sulphuric Acid 


Vegetable Alkali f new compofition.. 


3. 
Preceding compofition. 
(Soap) | 
TR. 
Fat oil Mineral alkali {new compofition. 
Sulphuric acid f (Glauber’s falt.) 
S 49- 


Hitherto it has in vain been attempted # find 
out a general law by which thefe affinities act ; 
for there has not yet been collected a fufficient num- 


ber 
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ber of facts to difcover that law.- Yet towards a 
general view of the experiments belonging to this 
fubje&t, we are greatly affifted by the Tables of 
fimple affinities, where the various fubflances are 
arranged in fucceffion, according to the greater or 
lefs elective attraction which each of them has for 
any particular fubftance. 


Thefe graduated arrangements of the fimple affinities may 
be feen in the tables added to*the os of the fecond 
volume, 


§ 50. 

3. The third fpecies is the double affinity, 
whereby not one only, but more new combinations 
are caufed, or by which two combined fubftances 
are feparated on the addition of two others (no 
matter whether combined or uncombined) by virtue 
of their refpective attractions ; and whence, con- 
fequently, two new combinations arife, though at 
times only one feparation takes place. This double 
affinity often caufes a decompofition, which the 
fimple affinity is unable to effect. 


Examples. i. 
Former combination. 
(Salt of Glauber) 


bination. | bination, 


“i ae ae 3 on es 
- New com- { Sulphuric acid. Mineral alkali, Nie com» 
Gypfum. Common Salt. 


Calcareous earth. Muriatic acid. 
Former combination. 
(Muriated lime) . 


vol, 1; ane E 2. Prufiat 
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2. 
_ Pruffiat of Potajh. 
ha a WETTE New com- 
iho Ye | Pruffic acid. Vi egetable alla. “ \ inate 
Pruffian blue.\ Oxyd of Iron. _ Sulphuric er pir of 
| | ota 
(Green vitriol) 
3: 
Alloy of gold and copper. 
rare or > 
Sulphuret Copper. Gold. = +) Alley of 
of | "Cold “aed 
Copper. Sulphur. Antimony. I) Antimony. 
(Crude Antimony) 5 
§ 51. 


Every chemical decompofition is performed 
by the afliftance of affinities, and two fubftances 
united into one homogeneous compound, can. never 
be feparated, unlefs one of them undergoes a new 
combination. 


Chemical Operations and Infiruments.. 


Maze 
By chemical operations ot procefes, we mean 
the application of proper means to effect a de- 
compofition or compofition, Every one of them is 
grounded on the various degrees of affinities of hetero- 
geneous fubftances amongft each other, without even 
excepting the application of fire, whofe influence 1s 


likewife 
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likewife (every thing well confidered) depending on 
“the affinity of its conftituent parts with other fub- 
ftances. Generally fpeaking, every primary fub- 
ftance may be counted among the active chemical 
inftruments, or chemical agents. 


$ 53. 

The confiderable changes caufed by fire, in 
the mixture, as well as in the form of fo many 
bodies, is the reafon why we cannot avoid placing 
it among the chief chemical agents, or making fre- 
quent ufe of its application. Whence it is neceflary 
to learn in this place the means of properly main- 
taining and managing fire; both of which are re- 
quired, to attain the purpofes on account of which 
fire is applied. | 


§ 54. 

| Wood |; is, on account of its fmoke and un- 
equal heat, in few cafes only made ufe of as a fuel, 
or means of producing fire, Charcoal gives the 
~ moft uniform and beft manageable heat, and is 
moft commonly employed. Pit-coal affords, in- 
deed, when aflifted by a fufficient and ftrong cur- 
‘rent of air, a more intenfe heat than charcoal, yet 
it is in many cafes inferior to the latter, as to con- 
venience of application. To obtain a gentle, fteady 
degree. of heat, the fire of a lamp, maintained by 
fpirit of wine, may ferve when Argand’s lamp can- 

not be ufed. 
E2 | § 55 


a 


52 Preliminary M atters. [Chap. I. 


. § 55: 

In order to apply fire, to hes 2 and to direct 
it where it is to act, furnaces are convenient, and 
they are the moft neceflary and indifpenfable in- 
ftruments to chemifts. The materials of which they 
are conftructed ought to be fufficiently proof againft 
that degree of heat, which they are intended to be 
expofed to. Commonly they are built of bricks 
made of fand and clay, or’of caft-iron, or of iron 
plates, which, the better to be defended againft the 
fire, are coated (in the infide) to the thicknefs of an 
inch, with Windfor loam. \ According to Lewis * 
various kinds of fire-proof furnaces, for {mall experi- _ 
ments, may be prepared from black-lead crucibles. 


* The contrivance is indeed very excellent; as they 
ferve all the purpofes of philofophical enquiries. Lewes 
has given a detailed defcription of them, and plain 
delineations, in his Philofophical Commerce: of Arts, 4to. 
London, 1763, page 1—137, which it is worth the 
Reader’s while to confult.—Excellent portable furnaces 
of black lead are alfo manufactured at Meflts. Pugh and 

_ Speck’s, Spital-fields, London, and fold at Mefirs. id för 
and Jack/on’s, Frith-ftreet, Soho.—Ed.. 


Guyton de Morveau has likewife very Fun em- 
ployed Argand’s lamps for chemical operations, as an 
economical laboratery., The paper relating to it is in- 
ferted in Nicholfon’s Chemical ournal, Vol. Il. page 
209.—Frederic Smith, tin-man, of Gerrard-ftreet, Soho, 

has accommodated this apparatus. ‘for the fludent at a 
moderate price. —Ed. Wi 


§756. 
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§ 56. 

The burning of the fuel is kept up in the fur- 
nace either by a natural current of air, which is 
caufed by the fire itfelf, and fuch a furnace is called 
a wind-furnace (furnus anemius); or it is done by 


comprefled air, conveyed to the furnace, as in bla/t- 
furnaces. 


§ 57. 

Every wind-furnace (§ 56) * confifts of two 
effential parts: the jire-place, hearth (focus), or 
‘that where the material deftined for the: fuel is 
placed ; and the a/h-pit (cinerarium) that receives 
the afhes of the confumed fuel, admits the air 
through its aperture (a/h-hole), and is feparated 
from the hearth by the grate (craticula). 


. #-PlateıT. Fig. I. 


§ 58. ens 
If the bodies to be examined be not imme- 
diately placed upon the fire, but either on iron bars, 
or in veflels to be heated by the fire, then a third _ 
{pace, the laboratory (ergaftulum), is formed in the 
wind-furnace. If by the laboratory the fire-place 
is thoroughly clofed, it muft be provided with fome 


vent-holes, or regifters (/piracula), to allow accefs 
of air. ; 


NER rn 
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§ 59. 

Such wind-furnaces as are clofed by avaulted cover 
(cap, dome, or cupola) and have, either at top or 
on the fide, a narrow vent-pipe, or chimney (caminus), 
are called reverberatory furnaces, cuppelling fur- 
naces (furni reverberii) *, Sometimes ‘the fire-place 
is a part of a feparate furnace, from which, however, 
by the draught of air, the flame of the fuel 1s forced 
over, ftriking upon the hearth of the cuppelling- 
furnace, which then is to be confidered .as the la- 


boratory, i 
! * Plate II. Fig. ı and z. 


§ 60, 
‘ The natural current of air, in wind-furnaces, 
arifes from the increafed elafticity of that portion of 
air which is containéd in the upper cavity of the 
fire-place ; it being there heated by the fire, and 
thereby naturally. caufed to expand, When this 
air rifes by its increafed elafticity, the denfer and 
older air below the grate muft, of courfe, force its 
‘way to'the hearth, blow the fire, and thus maintain 
“the combuftion, | 
j § 61. 

The perfection ‘of a wind-furnace confifts, 1, in 
a good current of air; -2, in keeping the heat 
together, without lofing too great.a quantity of it 
unufed ; and, 3,-in the facility with which the heat“ 
may be increafed or weakened, The heat, in wind- 

furnaces, 
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furnaces, is increafed partly by an additional fupply 
of fuel, partly by accelerating the draught of air. 
The laft is effe&ted by opening the door of the afh- 
pit wider, by fhutting that of the fire-place, by 
opening the regifters, and lengthening the chimney 
by additional vent-pipes, and alfo by applying the 
action of the bellows.—By diminifhing the quantity 
or celerity of the current air; hence, by fhutting 
the afh-hole, the regifters, and vent-pipes, the heat 
is diminifhed, and the action of fire weakened, or 
thoroughly fuppreffed. 


§ 62. 

Blaft-furnaces (§ 56) are of a fimpler con- 
ftruction than wind-furnaces, and their afh-pit, 
hearth, and ‘laboratory, are commonly but one and 
the fame part. The blowing is moft frequently 
done by bellows, which for {mall experiments are 
always made of leather, and, to act without inter- 
ruption, fhould be double. At the {melting works, 
wooden bellows are ufed; but thefe being fngle, 
there are always, at the fame time, two of them em- 
ployed, alternately opening and fhutting. The 
cylinder-bellows are a difcovery of modern times, 
and exceed the common by many advantages.— 
‘Water-drums, as they are called, may likewife ferve 
for thefe -purpofes, | 


Of Mr. Baader’s Water-blafl.—He has given a defeription 
of it, with,five plates. Göttingen. 4to. 1794. 


; “ 4 Blaß- 
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Blaft-furnaces, as ufed in fmelting-houfes, may be feen in 


Fars Voyages Metallurgiques, ato. Lyon, 1774. Vol. III. 
See Tome I. Plate 1.2. 3. 4. 6.—Ed. 


§ 63. | 
‚When the veffels in which bodies are expofed 
to the action of heat, are not placed' in imme- 
 diate contact with the fire in the wind-furnace, 
but receive the required degree of heat by another 
‘intermediate body, fuch apparatus is called a bath . 
(balneum). The proper inftrument for this purpofe 
is the fand-furnace (furnus catini), or a wind- 
furnace, whofe upper aperture is fhut by the /and- 
pot (catinus). * Sand-pots are cylindrical veffels 
having an outwardly convex. bottom, and made of 
caft or fheet iron, and at times of baked clay. Glafs - 
veflels, however, containing bodies that are to be 
expofed to heat, are not placed in the pot while 
empty; but in order that they may be heated uni- 
formly, this laft is filled with fome other body, into 
which the veffels are lodged. The matter moft | 
commonly employed in this cafe is dry, finely-fifted 
fand; and the pot filled with it is called /and-bath 
(balneum arene) + Of ali baths, the fand-bath is 
the moft convenient, and fufficient to apply any de- 
gree, from gentle warmth to red-heat. Crucibles 
(crucible-bath) placed between coals, are alfo ufed 
for a fand-bath, inftead of fand-pots. 


‚* Plate III. Fig. a 


Inu | + Same» 
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+ Sometimes, when a low heat is required, the pot is 
filled with wood-afhes ; as vice verfa the heat may be 
increafed by mixing the fand with iron filings, or em- 
ploying fimply thefe latter.—Edit. 


| § 64. 
If veffels be heated by means of hot water, 

in which they are immerfed, it is called a water- 
bath (balneum marie) *; but if they be heated 
merely by the fteam of boiling water, it is called 
vapour-bath. Since water, boiling in the open air, 
is capable of receiving only a determinate degree of 
heat, it becomes thereby a fure means to impart 


heat, without danger of exceeding a certain de- 
gree. 


_ * For this purpofe the fand-pot, or any other veflel filled 

with water, may be ufed; even the common till, by 

finking into its body holding water, another veflel 

that contains the fubftance to be heated.— T'he water- 

bath, therefore, requires no particular furnace, or ap- 
paratus. (Plate V. Fig. 1. G).—Edit. 


They alfo formerly diftinguifhed four degrees of heat. 
That of evaporation and digeftion ending at 50° Faren- 
heit; that of diftillation and boiling fixed at 212°; 
that of Jublimation at 600° 5 that of melting and vitrifi- 
cation at 1600°.—-However, there is no certain de- 
pendance upon thefe; mercury and fat oils require a 
greater heat to boil than water; lead fufes at the 


s4oth degree; ether and ammoniag tife by a very 
gentle heat.— Edit. 


§ 65, 
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8 6s. | 
.Of the various means that ferve for chemical 
inquiry into the nature of bodies, and which are 
all founded on the affinities and the aftion of fire, 
we fhall now confider the procefles of /olution, preci- 
pitation, fufion, volatilization, difillation, and fub- 
limation, as on thefe the chief operations in-Che- 
‚miftry depend. 


Solution 


+s 66. 

If any fubftance unite with another ui a .dif- 
ferent kind, or heterogeneous, in fuch a manner as 
to make with it a mafs entirely homogeneous, in 
which we are no longer able to diftinguifh the parts 
of the one fubftance from thofe af the other, we 
call it /olution. 


Re | 
Of the two fubftances, that which feems, by 

its fluidity or quantity, to -be the moft.aétive, and 
to take up the other between its fuppofed inter» 
ftices, is called the folvent medium (folvens or 
menfiruum) and the other, which, in this cafe, ap- 
pears to be rather in a paflive ftate,.is called /olvend, 
or the body to be difolved (folvendum). This dif- 
tınction, however, is not fupported by truth ; on the 
contrary, 
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contrary, both matters are really active. It may 
neverthelefs be kept for convenience of language. 


§ 68. 

In any folution, not only the cohefion by which 
the parts of the folvend (§ 67) were united is 
deftroyed, but this laft is fo united with the men- 
ftruum, as to make up together a perfeéily homo- 
geneous body ; in which, though affifted by the beft 
microfcopes, we cannot diftinguifh the heterogene- 
ous parts from each other. For this reafon, among 
the parts of the fpecifically different matters, dif- 
folving each other, there muft neceflarily fubfift a 
reciprocal attra&tion, which is ftronger than the at- 
traction between their re{pective homogeneous parts. 
In other words, the affinity of the faid parts muft 
act in a ftronger way than their refpective cohefion. 


| § 69. 

_ In order that a mutual folution of fub- 
ftances, {pecifically different, be perfect, it is re- 
quired, that in it no part of the one fubftance be 
found which is not alfo united with a part of the 
other, in the fame proportion which thofe fub- 
{tances had to each other before the folution. 


* On the other hand, it is evident, that as long 
as the parts of any fubftance gontinue to be hetero- 
geneous aggregates ($ 3), though in a divided ftate, 

a folution.of them .is ‚as impoffible as that of larger 
mafles, 
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maffes. It is likewife obvious, that, fuppofing the 
folvent power of the menftruum to remain, the 
folution muft go on, till every part is compofed of 
the folvent as well as of the folvend, in the fame 
proportion in which they were added to each other. 


c* Singe, therefore, in this cafe, there can exift no 
part of the volume, or fpace taken up by the folu- 
tion, which does not contain apart of the men- 
firuum; the latter muft entirely fill the {pace as a 
continuum, or what means the fame,,no interftices 
can be left between its parts. Thus alfo, becaufe 
there cannot exift any part of the volume. of the 
folution which. does not alfo contain a proportional 
part of the difolved matter, the {olution itfelf muft 
fill with continuity, that is to fay, ‚without; inter- 
ftices, all the fpace occupied by the mixture. 


“ But if two fubftances occupy the fame in- 
dividual fpace, in fuch a manner that each of them 
fills it entirely, they then penetrate each other.— 
Hence a perfect chemical folution is a penetration — 
of matter; which, no doubt, implies a divifion in 
infinitum. That we cannot comprehend this laft, is 
owing to the impoffibility, we lie under, of compre- 
hending the endlefs sad eas of a ‘continuum, of 
„whatever kind it be.” 


Kant’s Metaph. Elem. of ‘Nai."Philof. page 95 fig. - 


It is, however, ftrange, that Kant, from whom the Author 
has tranferibed this palfage, couldy byfuchreafoning, 
attempt, 


~~ 
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- attempt to revive the obliterated doétrine of the rox- 
tinuity of matier, and the divifibility of bodies in infinitum. 
The abfurdity is too glaring to need refutation.— 
Befides, that doctrine has nothing to do with che- 

_ miftry ; at moft, it might have ferved among the 
antient Scholaftics as a difputation exercife for their 
pupils. The obfcurity of the above paflage could not 

_ be remedied by the tranflation ; it is congenial to all 
writings of Kant, whofe fame more depends on ab- 
firufenefs than real philofophical merit — Edit. 


§ 70. 

By the principles of that /y/lem of natural phi- 
lofophy which is called Afomifical, no folution 
would be poffible. What ıs called folution would 
be nothing elfe than a placing together of the {mall 
heterogeneous particles. Only mingled bodies, not 


mixed (§ 5) could by that theory exift. 


$ 71. 
| The ah of two bodies ‚that have mutually 
diffolved each other, is commonly fmaller than 
the fum of their volumes before folution. It rarely 


happens, that the new mixture or compound fills 


a larger. fpace than was occupied, before folu- 


tion, by the heterogeneous fubftances, —Both thefe 


circumftances prove that modification, which the at- 


tractive and repulfive powers have been caufed to 
undergo by folution. 


Examples > 
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Examples: 
2. Before folution at 60° Fahr. 


100 grains of Alkohol, of 0,825 fpecific grav. fill 
a volume = 100. 
-100 grains of water, of 1,000 fpecif. grav. fill a 


volume = 82,5. ‘ 


2. After folution at the fame temperature. | 


100 gr. Alkohol 2? of 0,93002 fpecif. gtav. 


200 gr} fill a volume = 177,41. 


100 gr. Water 


The fum of the two volumes was = 182,5. 
Hence the diminution of volume is = 5,09. 


§ 72. 
Diffolved bodies poffefs different properties, and 
prove to be, in their nature, totally different from 
the fingle fubftances of which they confift. 


| § 73- 

Two bodies cannot diffolve each other, unlefs 
one at leaft be in the fluid form. The ancient 

chemifts, therefore, had already adopted the maxim, 
corpora non agunt, nifi fluida. The fum of at- 
tractive powers among the refpeclive homogeneous 
parts of two folid bodies is greater than their affinity. 
Hence the former muft be diminifhed by lique- 
faction. 


§ 74. 
On this account a diftinétion is made Haan 


folutions in the humid way (via humida), and 
| thofe 


/ 
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thofe in the dry way (via ficca). In the firft, 
one at leaft of the diffolving fubftances is already in 
the liquid form; but in the latter, thefe fubftances 
muft firt be brought to the ftate of fluidity, by 
melting, before a reciprocal folution can take place. 


§ 75: 

The folutions of feveral bodies are attended with 
noife and frothing, which is called efervefcence, 
and is caufed by a copious and rapid extrication of 
-aeriform fubftances. This air, however, did not 
pre-exift in thofe bodies in the form of air; but - 
affumes this form at the inftant in which it is ge- 
nerated. Nor is the effervefcence an argument for 
the power and violence wherewith the parts of bodies, 
‚under reciprocal folution, attract each other. 


§ 76. 

When a fluid mienftruum has taken tp a5 much 
as it can diffolve of a folid body, it is faid te 
be faturated. As the nature of the bodies to be 
diffolved is various, fo, in the very fame folvent 
medium, are the limits of faturation greatly dif- 
ferent; and’ in moft cafes, thefe limits are, re- 
{pecting the individual fubftance, greatly varied by- 
the temperature ; becaufe the /olvent affumes to it- 
felf, before it is faturated, a greater quantity of the 
| Jolvend in heat than in er | 


2 $ 77. 
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$ 77- | 
We muft farther confider, in this place, the dif- 
ference between a partial and a total folution of 
a body. In the firft, the whole body is not taken 
up by the fluid menftruum, but only fome of its 
conftituent parts, leaving others behind, to which 
the folvent has no affinity. This partial folution is 
likewife called extraction, and its producét an. er- 
tract. Yet in thefe extractions, by the affiftance 
of appropriation, (§ 47) fuch conftituent parts 
may be taken up by the folvent medium, as other- 
wife would not be diffolved by it. . | 


As examples, ferve the extraéts from vegetable fubftances 
-by water and fpirit of wine; the feparating of gold 
from filver by guartation. 


§ 78. | 

This extra&tion is performed in various ways, 
and the application of this procefs has received va- 
rious names. If the fubftances remain in the men- 
ftruum without warming it, it 1s called foaking, or 
maceration; but if the extraction be affifted by a 
moderate heat, not reaching the point of boiling, 
it is called digeflion. Another fpecies of extrac- 
tion is zfufion, where the menftruum is poured, 
when hot, on the body under extraction. This is 
conveniently ufed- when the body contains eafily 
foluble or volatile parts, that. would be loft on ap- 
plying a heat of longer duration, or by boiling. 
| Laftly, 
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Laftly, when the menftruum together with the 
fubftance, from which an extract is to be made, 1s 
heated to boiling, the operation is called decoction; 
and the extract thus obtained a decoction (de- 
coctum, apozema); in which it is not expected to 
detain thofe parts that become volatile by the boil- 
ing heat of the folvent. 
§ 79. 

It is neceflary that the veffels wherein a fo- 
lution of any kind is attempted, be not acted upon 
by the folvent, and the folution thereby defiled. 
The moft ufual veffels employed in fmall experi- 
ments, for folutions in the humid way, are of 
glafs varioufly fhaped. Such are matrafes, or 
cucurbits (cucurbite); which, as to their fize, are 
fubdivided into /eparating, common, mafter, or 
large matrafes (cucurbite jeparatorie, vulgares, 
magiftrales); and balloons, recipients, or receivers, 
(excipula) ; befides phials (phiale)*, glafs cylin- 
ders, or jars, and fla/ks, or bottles, Ufe is alfo 
"made of earthen pots and pans, manufactured of 
common pottery, ftone ware, Staffordfhire ware, and 
China. ware, or porcelain. When the quantities 
are great, metallic kettles, or: caldrons, and pots, 
are employed; and in thefe the choice of the metal 
depends on the nature of the menftruum.— Solutions’ 
in the dry way ($ 74) are performed in melting 
Veffels, of which we thall fpeak when treating of 
Faiiom, 

.*. Plate IV. 


vor. Peivics | § 80, 
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§ 80. 

The folution is promoted by reducing the folvend 
to fmall pieces; alfo by digeftion, “by boiling, 
by fhaking, and agitating the mixtures. In folu- 
tions that are accompanied with effervefcence,. the 
body to be diffolved ought to be conveyed only by 
degrees, little by little, into the folvent medium. 


§ ah 

A particular fpecies of folution is the folutions 
by means of vapour (folutio vaporofa). To affift 
either the -partial or the total folution of any folid 
body, the menftruum is in this cafe, in an air-tight 
veffel, converted into vapour, and in this ftate it 
acts on the fubftance inclofed. By this manage- 
ment the folvent is rendered more efficacious 3 be- 
caufe, its vapours finding no means to efcape, it is 
made <apable of receiving a ftronger degree of heat 
than in open veffels. This kind of folution is: per- 
formed in Papin’s digefor (machina & digeftor 
Papini) *; and thofe fluid menftrua are employed, 
by which metals are not diffolved or otherwile 


affected. 
'* Plate IV. N. 


§ 82. | 
If, in fuch folutions, the vapours produced by 
| Heat originate from a folid body, the partial or 
total folution, which 1s the refult of that Brae 
4S 
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is called cementation; and the fubftance, which — 
gives out the vapours, is named cementing-powder. 
With this laft the body to be diffolved, divided, or 
otherwife changed, is put by layers (ratum Juper 
Stratum) into the cementing-pot (pyxis cemen- 
faria) made of fire-proof, baked clay; and in that 
{tate expofed to heat. 
sa. 

The deliguation (deliguium) of fome concrete 
falts, which, on imbibing moifture from the air, 
form with it a liquid folution, cannot be regarded 
as a feparate-fpecies of folution. Neither can the 
folution of metals by quickfilver, or amalgamation, 
be confidered as fuch. ; 


Precipitation. 


| § 34. 
| The recovering, or feparation of a body from 
. its folvent, by the addition of a third fubftance, fo 
that the former re-appear in a folıd ftate, however 
divided, is called precipitation. The fubftance 
thus recovered is called a precipitate ; and the fuper- 
added body, that oceafioned the a is 


called precipitant. 


_ Examples: Vide above, ;$ 4%. 


BA EU Ds, 
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§ 85. 

| _ Preeipitätions are effected by virtue both of fim- 
ple and double affinity. In the firft cafe, either 
the menftruum has a greater affinity with the pre- 
cipitant than with the body diffolved, and for this 
reafon, uniting with the former, throws out the 
latter; or vice verfa, the diffolved body poflefles a 
greater affinity with the precipitant than with its 
menftruum; and, therefore, parting from the latter, 
forms with the precipitant a powder PNR, in 
the folvent medium. - 

| 86. 

It follows from this, that the precipitates, though 
obtained from the fame folution, may be various; 
and it is poffible to precipitate a body from the 
very fame menftruum in a great variety of forms, 
accordingly as we choofe to employ different pre- 
cipitants. 

sls ib 
“ Precipitations are alfo, like the folutions (§ 74) 
fubdivided into precipitation in the humid and in 
the dry way. | 
2 s 88. 

. Every precipitation is performed by means of 
affinity, either fimple ($ 48), or double (§ 50); 
and there are, ın the trict fenfe, no /pontaneous 
precipitates ( precipitationes Jpontanee, Junie), as 
u are he by fome. 


_ Fufion. 
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Stree ee 


Fupion. 


$ 89. 
- The aétion of fire, or, more properly, of ca- 
lorıc, on folid bodies, by which they are caufed 
to pals into the ftate of fluidity, is called fufion; 
and a body rendered liquid by fire is faid to be in 
Jufion, to JOB; to melt. 


§ 90. 

From what has been faid above (§ 24, 28) 
of the difference between folid and fluid bodies, it 
follows, that the ative expanfive power of the 
caloric is the principle or true caufe of fufion; fince, 
by combining with the folid fubftance, it diminithes 
and deftroys, in a high degree, the attradtive force 
of its particles —The fluidity of all liquid bodies, we 
know at prefent, is merely derivative, and the effect 
of the influx of caloric. (§ 33:) ; 


§ 91. 

if we attend to the different ftrength of the 
attractive power which the particles of fubftances, 
fpecifically. different, exert on one fide amongft 
themfelves, and on the other towards the caloric, 
we find no ground to wonder why {ome bodies re- 
quire a lower, others a higher, temperature to be 
fufed; and that it is poflible to meet with fome 
bodies, which, at any degree of temperature, we 
hitherto know in our atmofphere, continue in the 
| F 3 liquid 
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liquid ftate, According to the various degrees of 
fufibility, bodies are difcriminated into refractory, 
or of dificult fufion, which require the utmof 
_ violence of fire to be melted; and fimply ‚fufble, 
or of eafy fufion, that will flow in lefs heat; yet 
„the limits between thefe haye not yet. been afcer- 
tained by any fixed {cale, 


§ 92. 
Some mixtures melt with greater eafe than the 
Sid fingle fubftances of which they are compofed. 


As for inftance: the /alder of the tin-men, Mr. Rof’s 
metallic mixture, (of 2 parts bifmuth, 1 lead, and 
{ tin) that becomes fluid even in boiling water. 


§ 93: 
- Some bodies cannot be rendered fluid by any 
degree of heat which we are able to produce.— 
Thefe are called infufble, apyrous, ‚fire-proof. 
Several of them may, however, be fuled by adding 
other bodies, which on account of this property are 
called Aures. Such addition is called at the fmelt- 
ing works, drefing of the ores. It is worth remark- _ 
ing, that fometimes thefe additions are of themfelves 
infufible. 


§ 94. . | 

' The true fufion ought not to be confounded 
with the melting of fome falt cryftals by heat. 
The laft is caufed by the aqueous particles contained 
in 
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an them diffolving the falt at an increafed heat, 
which they cannot at a weaker. (§ 76.) 


§ 95- 

When melted bodies by a circumambient me- 
dium of a lower temperature, are deprived of fo 
much caloric that the original attraGtive forces of 
“ the bodies of which they are compounded acquire 
again the degree of intenfity requifite to produce 
the form of folidity; or when, by this lofs of caloric, , 
the native attraction among the furfaces of the pri- 
‚mitive molecules becomes again active, ay con- 
wrete, or congeal. | 

§ 96. 

All bodies muft, in confequence of the explana- 
tion given (§ 90) of fufion, affume in fufion 
a greater volume than that which they had in 
their former ftate of folidity. This is in every re- 
fpe& confirmed by experience. "The exception 
which fome bodies, as ice, bifmuth, antimony, ful- 
phur, feem to make, may be eafily explained by 
the cryftallization of their parts on concreting. — 


§ 97- 
Sn Since no folution takes place without liquidity, 
{§ 73-) fufion becomes one of the moft ef- 
fe€tual operations for folutions and precipitations 
in the dry way (§ 74, 87). Fufion is, befides, of 
importance in feparating heterogeneous parts fimply 
FF 4 a mingled 
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mingled ($ 4, 5) by means of their different de- 
grees of fufibility; as alfo by the circumftance, that 
various fhapes may be given to bodies by cafting 
them into moulds, while in a fluid ftate. 


§ 98. 

Fufion is fometimes performed without any veflels 
at all, and then in {mall quantities, by the flame 
of a candle or lamp, with the afiflance of the. 
blow-pipe; but, in larger quantities, by placing the 
bodies to be fufed amongft the coals in a melting- 
furnace. At other times, the operation is done in 
veffels, fubjected to the pate heat, in the 
furnace. 


| $ 99. 

When the blow-pipe (tubus ferruminato- 
rius) *, made of glafs or metal, is employed, the 
air compreffed by the mouth is direéted on the. 
flame; and the heat, by that means increafed, is 
communicated to the fubftance to be fufed, which 
generally refts on a fupport, in a cavity made ın a 
lump of charcoal. ‘The apparatus by which the air 
is made to ftream through the blow-pipe, by means 
of double bellows, renders this ufeful inftrument 
capable of being employed by perfons whofe weak 

lungs do not permit them to continue the blowing — 
Jong, or who are not fufficiently fkilled in its ma- 
nagement. Laftly, the heat of-a lamp-flame may 
be tated to the higheft degree, by Pe | 

| OxYES 
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oxygen gas (vital air) througlı the blow-pipe, by 
means of a peculiar apparatus +. | 


* Plate I. Fig. 6. 


+ A defcription of an apparatus fuitable for that pur- 
pofe, together with a ocker-Jaboratory, is given by 
Magellan, in his Appendix to Cronffedt’s Mineralogy. 
Such apparatus was fold by Mr. Brown, bookfeller, 
Effex-ftreet, Strand.—As the aGion of the blow-pipe 
will be oftener mentioned, it is to be obferved here, 
once for all, that the flame of the candle or lamp 
urged by it confifts of a neat luminous blue cone, fur- 
rounded by another of a white and more faint ap- 
pearance, and that the ftrongeft heat is at the Zara of 
the inner flame.—Edit. 


§ 100. 


In finelting-houfes, the fufion without veffels 
is performed in a very fimple way, by placing 
the fubftances to be fufed immediately betwixt 
burning charcoal in the melting-furnaces. In thefe 
the fufion is urged by bellows; and they are of 
various conftructions,. to fuit a variety of purpofes. 
Hence alfo they have received different denomi- 
nations, 


§ Tor, 


Other kinds of fufion, efpecially in {mall quan- 
tities, are performed in: veflels of various fhape 
and materials. Their moft eflential properties are, 
their being infufible at any degree of heat re- 
= fiat | quired 
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quired for melting the bodies to be fufed in them; 
and, befides, their infolubility in that body when 
melted. 


5 
The moft ufual melting-veflels are crucibles — 
(crucibula)*, manufa@ured of refractory clay and 
fand; the moft perfe& of which are made at Gro/- 
Jallmerode and Ellrode in Heffe. Some of them 
are larger, and prefent, on being’ cut acrofs, cir- 
cular outlines; others are /maller,, called /et-cruci- 
bles, becaufe they are of different fizes, to -fit into 
one another ‘like fets of chip-boxes, and have a 
_ triangular top. In fome cafes, iron or filver eruci- 
bles are employed. Thofe of Zps in Upper Auftria, 
or of Hafnerzell near Pafau (black-lead crucibles), 
confift of black-lead and fand; they are made of 
very different fizes,. and are very durable under 
every change from heat to cold, but improper for 
melting many faline fubitances, 


We do not as yet poffefs melting-veffels that i in 
every refpect have the qualities mentioned above.— 
Crucibles made of platina would, Agel in many 
cafes, remedy this inconvenience. 


**PlateI; Figs 3. Peale RNP of both the Heflian 
fort and black-lead, as alfo portable furnaces of black- 
lead, are manufaGured near this metropolis-by Mefits. 
Pugh and Speck, Booth-ftreet, Spitalfields, and the 
late Mrs. Hempel’ s, King’ s-road, Chelfea »—Ed. 


x | 1,8492, 
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§ 102. 


For the melting of ores in fmall quantities for 
docimaftic_purpofes, affaying crucibles (the pro- 
birtuten of the Germans) * are employed, made 
of the fame materials as the earthen ones. They 
have, in their inner cavity, the form of a double . 
cone, bellying out in the middle, and contracted 
at both ends, and a proper ftand ıs provided for 
them. . Another fpecies of thefe are the chalice- 
form crucibles (kelch-tutten of the Germans). The 
feorifying tefs (anfied/cherben ot the Germans) and 
capjules, likewife belong to this place. | 


# Platel, Fig. 5, 


| § 103. 

The melting-veffels are placed amongft live- 
coals, either in a fmple wind-furnace*, or, if they 
contain refractory fubftances, in a melting-furnace, 
properly fo called, whofe ftrength of action depends 


on the ftrength of the current of air, caufed by its 


peculiar conftrudtion; or alfo on a forge-hearth, 
before the nozzle of the bellows, in which cafe the 
effect of blowing, and hence the heat, 1s increafed, 
‘by weights laid on the bellows. ‘The larger earthen 
crucibles muft not be heated or cooled too fud- 
denly; nor fhould they be placed on the bare grate, 
but on a ftand or fragment of a brick; and like- 
wife the cold blaf, or guft of air ftreaming from 

the 
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the bellows, fhould not ftrike them directly while 
red-hot, or elfe the cold air, coming in contact, will 
make them burft. | | 
* Pott has conftruéted an excellent portable melting- 
furnace, in imitation of that of Becher in his Tripode 
00 Hermetico, page 32; to which the editor wifhes by 
oh this note te turn the attention of chemifts. _It is con- 
ftructed of wrought-iron, coated in the infide with 
raw clay and brick-duß, worked up with bullock’s- 
blood. He increafes the current of air, and confe- 
quently the intenfity of heat, by means cf a pipe 
a fimilar to that delineated Plate I, relating to the. 
wind-furnace, conveying cold air to the afh-pit from 
without the window of the laboratory. By this fur- 
nace Pott fufed Oriental and Bohemian garnets, and 
even hyacinths, in two hours, which could not be 
fufed in porcelain fire continued for feveral days.» 
gee Pott’s Lithogeognofa, Part II. 


§ 104. | 

The docimafic, or afaying-furnace ( furnus 
- docimafticus) is ufed when {mall quantities are 
to be fufed under the muffle, which ıs an earthen 
cafe, in figure half-eylindrical, open on the front, 
clofed behind, provided with a bottom and fide- 
apertures. The ufe of the muffle is, to put under - 
it in {mall veflels, called afaying-tefs *. or cupels, 
_ fuch bodies as are to be fufed without being fe- | 
cluded from the accefs of air; but muft be pre- 
-vented from being defiled by coals or afhes. 


* Plates” Kinn, Thefe are not to be confounded 
with the fcorifying-tefts. (S. 102.) The cupels are 
{mall faucers, from 2 to 3 inches broad, made of cal- 

cined 
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cined :bones and wood-afhes; the forifying-teffs are 


about half a foot broad, and made of mere elixated 
wood-afhes.—See Plate II. Fig. ı1. M. Edit. 


'$ 105. 

Fufed bodies are either fuffered to congeal in 
the melting-veffels, or they are poured into the 
cavity of a warmed ftone, or in an inverted metallic 
cone (conus fuforius), or in ingots (lingo). In 
thefe laft the fufed metals are fuffered to congeal 
in the fhape of roundifh oblong mafles, called pigs, 
or of bars; or elfe fufed bodies are caft into moulds, 
to receive a particular figure. To the inftruments 
for fufion already mentioned are to be added, zron- 
peels, firring -hooks, beaked-tongs, cupel-tongs, 
common-tongs, lifting-tongs, pincers, tweezers, 
nippers, &c. 


Volatilization. 


§ 106. 


- The tranfmutation of folid bodies into fluids 
is not the only change of form produced by ca- 
loric; but this principle, if combining in greater 
proportion, is alfo capable of reducing many of 
them into the ftate of elafic or expanjible fluids, 
into vapours, and into gafes. To expofe a fub- 
ftance to the influence of caloric for the purpofe of 
converting it into an expanfible fluid, into vapour, 

or 
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or gas, is termed volatilézing ; and thofe fubftances 


are called volatile which by heat may be transformed 
into vapours, or to a {pecies of air. 


§ 107. 

It is likewife by the expanfive power of caloric 
‘that all vapours and kinds of gafes are formed. 
Their expanfibility is only derivative; and every one 
of them may be looked upon as a combination of — 
a bafis not expanfible of itfelf, with caloric, which 
iS is expanfible by its own nature. ae 


. § 108. 

But there is this difference between the va- 
pours and gafes, that the firft lofe their elaftic form 
by compreffion, or by cold, and are thus decom- 
pofed; while the gafes undergo no fuch change by 
thefe caufes. Any fubftance of a lower tempera- 
ture may again decompofe the vapour, by depriving 
its bafis of the caloric. The bafis, which is thus 
parted from the vapour, and on its decompofition 
becomes again perceptible, is on account of the 
great volume to which it was before diftended, in a 
ftate of the moll fubtile divifion; and in this ftaté 
it exifts, either in the remaining part of undecom- 
pofed vapour, or alfo in the air, forming /moke or 
fog. Yet this is no longer a vapour, and is wrongly 
called fo; on the contrary, it conftitutes a folid or 
liquid fubftance, in the {tate of a moft minute di- 


vifion. 
N 109. 
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$ 109. | 
In the adtual formation of vapours the atmo- 
fpheric aır has no fhare at all; it is rather, by its 
preffure, an impediment to it, or it is the occafion 
that a greater quantity’ of caloric is neceflary to re- 
duce, at an equal temperature, a determinate quan- 
‚tity of the bafis into the very fame elaftic form as 
the air poffeffes; and, befides, to deftroy the at- | 
tractive powers of the fubftance, which had been | 
increafed by the preffure of the air ($ 34). Ina 
vacuum, therefore, (or {pace exhaufted of air) eva- 
poration is more readily accomplifhed, and at a 
lower degree of heat, than when a ponderous elaftic 

~ fluid preffes on the body to be evaporated. | 


§ 110. 

‘The. atmofpherical air may, indeed, diffolve the. 
yapour that is forming; however, the formation 
of a vapour is not a folution of its bafis in the air, 
_ Hence the diftin€tion made between real evapora- 
tion and natural exhalation is not fupported by 
nature; nor can it be proved. Every exhalation is 
rather a real evaporation, which at a lower tempera- 
ture goes on more flowly and in fmaller quantity, 
merely becaufe its bafis then requires a longer time 
before it can receive and abforb fo much caloric as 
is neceflary to form with it a fluid, equally elaftic as 
the air. 


> 


§ 111. 
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- | § III. 

To the volatile ($ 106.) are oppofed the fixed 
bodies (corpora fixa) which refift volatilizetion 
in the fire, or which do not admit of being con-. 
verted into elaftic fluids by caloric. The efficient 
caufe of this property confifls, doubtlefs, in the 
- greater intenfity of the attractive powers of their 
parts to each other, and in the lefs affinity they have 
with caloric. Many fubflances that are fixed by 
their own nature, may neverthelefs be volatilized by 
the affiftance of other volatile fubftances, with which 
they chemically combine and rife together. This is 
termed co-volatilization. | 


SEIZER- 


Volatilization is a chemical expedient to fe- 
pärate volatile from fixed bodies, or even to part 
volatile fubftances from each other, if their vola- 
tility be of unequal degrees. When liquid mixtures 
_ are expofed to the action of heat, for the purpofe of 
feparating the fluid menftruum from the lefs vola- 
tile, or from a fixed body diffolved in it, the pro- 
cefs is called evaporation. 

Up | SOR eo t 

Evaporation is accelerated by increafing the 
heat, by facilitating the exhalation of the vapours 
already formed, by enlarging the furface of the. 
body to be evaporated, and alfo by agitating and 
le the liquid. 

k Difillation. 


Chap: I.] Difiiilation. 81 


Diftillation. 


us « Ti Ay 
When the vapours rifing in volatilization by 
fire, which otherwife would difperfe in the open 
air, are directed into a colder place, they lofe their 
elaftic form, as they are by that means robbed of 
their caloric. Their bafis then feparates, and forms, 
according to its various nature, either,a liquid or a 
Jixed fubhance. In the firft cafe, the procefs is 
called difillation; in the fecond, /ublimation. — 
TI TIE 
It is of little moment to difcriminate the ‘hu- 
mid from the dry diftillation. The matter to be 
diftilled is a liquid in the former, but in the latter 
it is a folid fubftance; and in both cafes a liquid 
produé is formed by the ation of fire. The firft » 
has likewife, in confequence of the different pur- 
pofes intended by it, obtained the particular names 
of abfraction, cohobation, rectification *: 


* Abfraion is particularly ufed when a fluid body is 
again drawn off from the folid, which it has dif- . 
folved; cohobation, when a diftilled fluid is poured 
afrefh upon a fubftance of the fame kind as that upon 
which it was diftilled, and drawn off again, and this 
repeatedly, to make it more efficacious; reification, 
when {pirituous parts, coming firft over, are fepa- 
rated from the aqueous by diftillation.—Analogous to 
this is dephlegmation, or diftilling over the aqueous. 

VOL. I. G part, 
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part, including concentration; which, with refpec& to 
acids, is frequently done alfo by evaporation or boif: 
ing.—Ed. 


Former denominations of certain produéts obtained by | 
diftillation: /pirit, oil, butter, phlegm, caput mortuum. 


§ 116. 
By difiilling apparatus aré meant the inftru- 
ments ufed in diftillation; and they are accord- 
ingly, as the heat employed, or the product ob- 
tained by this procefs is different, conftruéted in 
various forms, and of various materials. Humid 
“diftillations, in which the requifite degree of heat 
does not furpafs that of boiling water, are performed 
in the common fill (vefica), ufually made of cop- 
per, and in the difilling-furnace ( furnus vefice)*. 
The vapours rife through the .alembic, head, or 
capital (alembicus, capitulum), and pafs obliquely 
into its neck. This alembic is either of tinned 
copper, or of pure tin, and in many cafes very 
conveniently made of ftone-ware. Such alembics 
‚as are provided with an infide gutter, are preferable 
to the common ones. Concerning thefe Mefirs. 
Weftrumb and Neuenhahn have propofed fome ad- 
vantageous alterations. 


“* Plate V. Fig. ı. 


" Chaptal Elements de Chymie, Tome 3. Se&. 5. Chap. 6. 
Art. 1. has made an improvement on the common 
fill, by making its bottom in fome manner fpherical 

. (Gombe) » 


a 
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(bomb), that the fire may equally ftrike on all parts; 
and by making it wider than itis high. By this the 
furface is increafed, and hence the evaporation fa- 
cilitated. Befides, the fides of the ftill are upright 
like a cylinder. He alfo gives it a very wide neck. 
The head he employs is of a conical form, whofe 
fides make with the bafe an angle of 75 degrees; as 
he found by experience, that the water naturally 
runs down along the fides of fuch inclination. A 
little under the conveying tube of the head there is a 
{mall proje&ting gutter. In this manner no drop of 
the liquid, condenfed in the head, falls back into the 
ftill.—Edit. 

| § 117: 

‘To decompofe the vapours pafling through the 
alembic, to feparate. and to colle& their bafis 
when parted from its caloric, cooling-utenfils (re- 
Jrigeratoria) have been devifed. Either the neck 
of the alembic joins with the worm, in the cooling- 
Zub * filled with cold water, or the alembic itfelf is 
united to and furrounded by a veffel full of cold 
water. This laft is then called Black-a-Moor’s- 
head (caput A thiopis) +. 


* Plate V. Fig. 2. 


+ This laft fpecies is inconvenient, as the water grows 
warm too foon and too often; fo that the condenfa- 
tion of the vapours is impeded: The remedy afforded 
by renewing the water is troublefome; and, if neg- 
lected, endangers the fpoiling of the produdt.—See 
Plate V. Fig. 1. H 


G2 <i wes 


vv 


84 Preliminary, Matters. : [Chap. T- 
ae & a 

The proper inftruments for- diftilling fluids of 
eafy volatilization are gla/s-matrafes (§ 79) with 
an alenibie or head of the fame ntaterials*. This 
alembic is always provided with a gutter: in it the 
vapours, refrigerated by the external air, are de- 
compofed, or deprived of part of their caloric, and 
converted into a liquid, which paffes through its 
neck into the receiver (excipulum). The matraffes- 
are lodgedin a fand or water-bath (§ 63, 64). | 


* Plate IV. Fig. D. x 


The pelican of the ancients.. (Plate IV. Fig. FE.) Vaps 
de rencontre of the French, 


§ b1g... 

The diftillation by means of a common ftill, 
or matrafs, with their heads, (§ 116, 118) has been 
denominated the direct or afcending diftillation 
(defillatio recta per afcenfum),in oppofition to the 
oblique by inclination, or lateral (defellatio obliqua, 
per latus), and the downwards acting, or defcend- 
ing diftillation (deftillatio per de/cenfiem), which is 
at prefent feldom ufed. 

| § 120. 

Oblique diftillations are performed in retorts 
of glafs, potter’s-clay, or iron. With this view, 
the firft are placed in a. fand-bath; the two lat- 
ter ones are brought in immediate contaé& with 

| | | the. 
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the fire; though this is likewife done with glafs- 
retorts, after they have’ been armed, or coated*. 
Such retorts as have a hole drilled in their upper 
convexity, which may be clofed by a ftopper, are 
| &yled tabulated retorts. (Plate IV. Fig. B.) 


* Windfor loam, or a mixture of fand and clay, well 

. worked with water and cow’s-hair or horfe-dung, to 
the confiftence of a pafte, is laid upon the veflel in 
fuccefive thin coatings, the preceding being firk 

“ fuffered to dry before it is covered with a frefh layer. 
By this the retorts are'defended from lofing their form 
by the violence of fire, and from cracking by the 
fadden variations of heat and cold.—Ed. 


| oe Be ye 
In diftillations with retorts, inftead of receivers, 
- cucurbits or matraffes are employed; and then 
either the neck of the retort is immediately in- 
ferted into their aperture, or the retort is otherwife 
combined with them, by means of an intermediate | 
veffel, called adopter * (tubus intermedius). There 
is no particular cooling-apparatus ufed in this cafe. 
A reverberatory furnace, wherein feveral large iron 
or earthen retorts may be placed at once, goes by | 
the name of galley-furnace. | 


* Adopters differ from the aludels ufed in former times in 
the fublimation of feveral fubftances. They were 
hollow fpheres of ftone, or earthen-ware, with a 
fhort neck projeéting at each end, by means of which 
one globe might be fet upon the other, The upper- 

G3 | moft 


86 Preliminary Matters. [Chap. Te 


moft had.no opening at top. The adopters are tubes 
growing narrower at one end, from half a foot to. 
three long, and open at both ends. The aludels were 
fet upright; the adopters are joined in a collateral 
oblique fituation. (PlateIV. Fig. K. L.)—Edit. 


Chemifts have alfo made~ufe of the Slug i dard raat 
(athanor ), by which feveral operations may be carried 
on at once in various furnaces, joined together in the 
building, and the heat kept on for a confiderable 
time without attendance. The contrivance confifts 
in a high tower, containing a quantity of fuel, and 
from which the fire may be diftributed into all thofe 
different furnaces. The curious reader will find a 
full defcription, with a {ufficiently detailed engrav- 
ing of this apparatus, at the end of Wiegleb’s General . 
Sy/tem of Chemijiry, tranflated by Dr. Hopyon, 3 Lond, 
1789. — Edit, 


S 122; x 
The junctures of the diftilling-veffels are clofed 
with. various Intes or cements (luta) accommo- . 
dated to the nature of the products (de/illata) 
thereby obtained. If they be aqueous, fpirituous, 
or oily fluids, a wet bladder, or wheaten-flour-pafte 
{pread on flips of paper or linen, are found con- 
venient. The refidue of almonds (pafte of al- 
monds) from.which the oil has been exprefled, 
mixed with water, affords likewife a very good lute. 
If the fubftances be acid and corrofive, or if they 
be fuch as demand a ftrong heat to be diftilled, 
utes made of platter and water, or of quick-lime 
and whites of eggs, or of clay and loam, or of 
glazıer’s 


1 
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glazier’s putty, (linfeed-oil and whiting worked and 
beaten up to a thick pafte) are required. 


8 127. 

If in diftilling, together with other fubftances, 
there are aeriform fluids or gafes produced; in 
that cafe, the joints of the diftilling-veffels muft 
not be entirely clofed, or the gafes extricated in the - 
beginning muft be firft fuffered to efcape through 
an hole drilled in the receiver. This purpofe is beft 
anfwered by Mr. Woulfe’s apparatus, and by the 
diftilling apparatus of Mr. Lavoifier*. 


* A delineation and explanation of this is given 

Plate VI. 
At24. 

The method of diftilling per de/cenfum (§ 119) * 
is at prefent no longer reforted to by chemifts. 
The extra&ing of tar from firs, and the feparating 
of quickfilver, after Born's s manner, may ferve as 
examples. ; 


* An inftance of this is the method recommended by 
Macquer for obtaining the oil of lemons, oranges, 
cloves, nutmegs, &c. He places them between fine 
‘linen; and if they be of a dry and hard nature, as 
the cloves, he expofes them to the fteam of boiling 
water. The linen, together with their contents, are 
then funk nearly half an inch deep into the orifice 
of a cylindrical glafs, which is placed in a larger 
veffel holding cold water, reaching to half the height‘ 
of the former. A hollow lid of copper or iron, 

ch A clofely 
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clofely fitting by an under rim into the inner aper- 
ture of the glafs-cylinder, is put on, This capfule is 
_ firft filled with hot afhes, upon which fome pieces of 
charcoal are afterwards kept burning.—Macquer’s 
Elem. de Chymie Pratique, Tome II. Chap. 4. Prog. 4. 
— Edit. 


Pneumatic Apparatus. 


Shue. 

The difcovery of aeriform fluids has, in mo- 
dern chemiftry, occafioned the necefüty of fome 
peculiar inftruments, by means of which thofe fub- 
{tances may, in diftillatıions, ($ 106, 123) folutions, 
(§ 75) or other operations, be caught, collected, and 
properly managed. The proper inftruments for this 
are ftyled the pneumatic apparatus. 


§ 126. 


Any kind of air is fpecifically lighter than any 
liquid; and, therefore, if not decompofed by it, 
rifes through it in bubbles. On this principle refts 
‘ the effential part of the apparatus adapted to fuch 
operations. Its principal part is the pneumatic- 
trough, which is a kind of refervoir for the liquid, 
through which the gas-is conveyed, and caufed to 
rife, and is filled either with water or with quick- 
Jilver *. Some inches below its brim an horizontal 
fhelf is faftened, in dimenfion about half or the 
third part of the width of the trough, and provided 

| on 
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on its foremoft edge with a row of holes, into which, 
from underneath, fhort-necked. funnels are fixed. 
The trough is filled with water, fufficient to cover. 
the fhelf to about the height of an inch. The ufe 
of the fhelf is to fupport the receivers, which, being 
previoufly filled with water or mercury, are placed 
invertedly, their open end turned down, upon the 
above-mentioned holes; through which afterwards 
the gafes, conveyed there and direéted by means of 
the funnels, rife in the form of air-bubbles. 


* See Plate V. Fig. 2. and 3. 


Se 

In fome cafes the trough muft be filled with 
quickfilver, becaufe water decompofes fome kinds 
of air by abforbing their bafis. The price and 

fpecific gravity of that metal make it neceflary 
to give to the guickflver-trough fmaller dımenfions. 
It is either cut in marble, or made of wood well 
joined. The late, Karflen has contrived an ap- 
 paratus, which, to:the advantage of faving room, 
adds that of great conveniency 


§ 128. 
To difengage gafes, retorts of glafßs, either 
common or tubulated, are employed, and placed in 
a fand bath, or heated by the fire of alamp. Earthen 
or coated glafs-retorts are put in the naked fire. 


If 


f 
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If neceflary, they are joined with a metallic or glafs- 
conveying pipe*. When, befides the aeriform, 
other fluids are to be collected, the middle or inter- 
mediate boitle finds its ufe; and to prevent, after 


cooling, the rıling of the water from the trough ° 


into the difengaging-veffels, the Zube of fafety 1s 
employed. For the extrication of gafes taking 
place in folutions, for which no external heat is re- 
quired, the bottle called difengaging - -botile, oF 
proof + may be ufed, 


* See Lavoifier’s el Plate: Vix 
7 Plate IV. Fig.G.H, ' 


§ 129. 


-For receivers, to collet the difengaged airs, 


various cylinders of glafs are ufed, whether gra- 


duated or not, either clofed at one end, or open at 


both; and, in this laft cafe, they are made aır- 
tight by a ftopper fitted by grinding. Befides thefe, 
glafs-bells and common bottles are employed. 


The moft advantageous manipulations on extricating, 


collecting, and managing the feveral gafes, are beft 
fhewn by actual experiment. 


§ 130. 


To combine with water, in a commodious way, 


fome Boies that are only gradually and flowly ab- 
forbed 


- 
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forbed by it, the gla/s-apparatus of Parker is 
ferviceable *. 


* Plate V. Fig. 5.—De Vigne has invented a new apparatus 
for impregnating waters; of which is given an exact 
account, and neatly-engraved plate, in Tilloch’s Phi- 
lofophical Magazine for June, 1798. 


Sublimation. 


Sib. 
When vapours, or bodies, volatilized by heat, 
condenfe again by cooling into a folid body, 
Sublimation ($ 114) takes place. In many cafes, to- 


gether with the fublimation, diftillation is com- 
bined, 


§ 132. 

Moft of the diftilling-veffels are applicable 
to fublimation; and the procefs is conducted in 
matrafles with their alembics, or in retorts and re- 
ceivers. For {mall quantities, common medicine- 
phials are frequently made ufe of, and for this pur- 
pofe fet in the fand of a crucible-bath, (§ 83) in fuch 
a manner, that the body fublimed adheres to their 
prominent and cooler part. In particular operations 
fpherical glafs-veffels and balloons are employed. 

: The 


=; 
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The fubliming parts, or aludels *, as they are called, 


are at prefent out of ufe.. No peculiar refrigerating- 
veflels are ufed in fublimation. | - 


* PlateIV. Fig.K. Confult note to 121.—Ed. 


| y 133. 

Sublimations in the manner of Geber, or Glauber, 
are performed with a free accefs of air. The ad- 
hering of the foot on our chimneys, the making 
- of lamp-black, the gathering of white arfenic in the 
proper flues (poifon-houfes), and the preparing of 
zinc-flowers, are various inftances of this procefs. 


| § 134. 

If the body fublimed prefent ıtfelf in the form 
of a folid, hard, concrete mafs, it is>called a /ub- 
-dimate in the ftricter denfe of the word; but it 
has the appellation of flowers (flores) if it be of a 
porous, loofe texture, and befides of a pulverulent 
appearance. | 


¢ 


rt 


Chemical Infiruments, 


Balances. Weights, &c. 


§ 135. 
Befides the implements hitherto mentioned, there 
are others in ufe, which may be beft explained 
I | when. 
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when treating of the particular proceffes. Severat . 
others require no defcription. To this clafs belong | 
bottles of gla/s, or earthen-ware, of various fize 
and figure, and deftined to preferve a variety of 
fluid matters; fugar and powder-glafés, fione and 
wooden-bores, and chip-boxes, for folid fubftances; 
metallie and gla/s-funnels, [eparatory-glafes and 
funnels *, cutting-rings, levers, {mall gla/s-/yringes, 
/patulas of wood, ivory, and metal; metallic /poons 
of different magnitudes, gla/s-tubes for ftirring, and 


the like. | 
* Plate IV. Fig. M.Q, 


§ 126, 
Befides thefe, fome phyfical inftruments are of ab- 
folute neteffity to the chemift. Among the latter 
are good barometers and thermometers, whofe va- 
rious fcales ought to be well known; good areo- 
meters and hydroftatic balances; an air-pump, with 
the neceflary implements; a pretty large: burning- 
lens; load-ftones, or magnets; micrefcopes; ands, 
laftly, an electric-machine. 


$ 137. 

Finally, of all the chemical apparatus, balances 
and weights are the moft neceflary. The former 
muft be procured of various fizes; and it is obvious 
that they fhould be very exact, and very fenfible. 
Thefe properties are more efpecially requifite in the 

docimaflie 
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docimaftic-balance, in the ufe of which careful res 
‘gard muft be had to the fenfibility and length of 
its beams. Seater | 


Nicholfon has very ably treated on the conftru&ion, ufe;. 
and feveral fpecies of balances, in his Fir/t Principles of 
Chemifiry, 8vo. Lond. 1796.—Editor: 


§ 138. 

The chemift cannot difpenfe with being thos 
roughly acquainted with the various weighs and . 
their fubdivifiois. To compate thefe with one 
anothet, the normal, or fandard-penny parts of the 
' Cologne mark-weight are very commodious. The | 
German chemifts ufe moft commonly the medicinal 
weight of Nuremberg. In commerce the pound is 
eftimated at fixteen ounces (133898 St. P. pts.); 
but in medicine only at twelve ounces. The ounce 
is divided into eight drachms; the drachm into 
three fcruples; the /cruple into twenty grains. 


The editor was at a lofs, in what fhape to infert this and 
the following three fections; whether to reduce them 
all at once to the Englifh, or to the former French 
weight, which laft is repeatedly mentioned in this 
work. After fome hefitation, he refolved to leave 
them as they are; becaufe they ferve as a comparative 
ftatement of the feveral weights in ufe, with regard 
to the German, not much known in this country; 
and becaufe their comparifon with the French is met 
with almoft in every book, He will only add their 

: . value 


Chap. 1.] Balances. Weishts, &c. =); 


value in Englifh weight, yet neglecting very fmalt 
and infignificant fractions. 


Thus, according to Kru/en’s Hamburger Contoriit, 71 Ib. 
or grains, Englith Troy weight, are equal to 74 1b. or 
grains, German aptly weight; 

| and 

I ounce of the Nueremberg medicinal weight is = y 

drach. 2 fcrup. 9 grains Englith ditto. 


§ 139. 

Accounts are alfo made-by the Cologne mark- 
weight, where the pound (131072 St. P. pts.) is di- 
vided into two marks; the mark into fixteen loths, 
or half-ounces; the /oth into four quentchens, or 
drachms; the guentchen into four pennies; and the 
penny into 256 normal, or fandard penny-parts; 
though likewife in 17 e/chen. 


This divifion takes its origin from the Regulation of the 
Mint by Emp. Charles the V. 1524; and by it all 
very fmall weights of gold and filver are afcertained 
in Germany. 


In a grofs way, 82glb. Cologne are equal to Se 
Englife Troy; 
and 


1 mark Cologne = 7 ounc. 2 dwt. 4 gr. Englifh Troy. 


§' 140. 
By the French Troy-weight, or poids de marc, 
the pound (137458 Stand. Pen. pts.) is divided 


into 


| 
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into fixteen ounces; the ounce into eight gros, of 
drachms; the gros into three deniers, or fcruples: 
each denier into 24 grains. A grain is farther di- 
vided into 24 carobes. | 


” 


In a grofs way, according to Kru/z, 792 French Ib. poids 
de marc, are equal to 1038 ee Ib. Troy; 
and | 
ılb. French Troy-weight of 16 ounces is equal to ılb. 
3 ounc. 15 dwt. 3 gr. Englifh Troy. 


With this French weight thofe of other countries are 
compared in moft books of Natural Philofophy and 
Chemiftry. But as there generally prevailed a great 
variation in thefe comparifons, Tiller has compared 
the moft exa& ftandard-weights of many European 
eountries with the ftandard-marc, in the Pile pre- 
ferved at Paris, and called Poids de Charlemagne. He 
"has publifhed the refult of his refearches in the Me- 
moires de [ Academie des Sciences for the year 1767. His 
ftatements may, by the exaétnefs and fenfibility of the 
balance, he ufed, and by the induftry of his exertions 
be depended on for accuracy. 


Of late, quite different weights, as well as meafures; 
have been introduced in France. As it would be too 
long to explain them here, the reader is referred 
to Nicholfon’s Phyfical and Chemical Fournal; Vol. I. 
p- 193, and p. 332, where a table is-given for re- 
ducing the unities of the metre or length, Fire or ca- 
pacity, and gramme or weight, to Englith inches, gal- 
ons, and grains. 


Of 
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Of the Dutch Troy-weight the pound (1 37970 
St. P. pts.) contains fixteen ounces; the ounce 20 
engels; the ae contains 32 Bades, 


Ina cs nel way, 787% Dutch Troy lb. äre ee to 1038 _— 
Englifh ditto: 
| and, * 
ilb. Dutch Tfoy is = ılb. 3 ounc. 16 dwt. 7 gts 
Englith-Troy. 


By the proportions given in thefe notes, it is eafy to re- 
duce the German, French, and Dutch weights to the 
Englifh, and vice verfa, by the fimple rule of three. - 


In the Englift Troy-weight the pound. weighs 
(104688 St. P. pts.), and is divided into twelve 
ounces; the ounce into twenty penny-weights; 
marked dwt.; the penny-weight into- 24 grains; 
the eran into Ses mites; 


~ 


The pound of the Englith rin is thé famé wich the 
Englifh Troy weight; only the fubdivifions of the 
ounce are different. This laft is by them divided into 
8 drachms; the drachm into 3 feruples; the feruple 
into 20 grains: making in either fubdivifion 480 
grains, each of equal weight for the ounce. By thefe. 
medicinal prefcriptions are prepared; but the drügs 
are bought and fold by ‘the common, ATSHARBONE 
weight. : 


The Avoirdupoife weight has 16 ounces in the pounds and. 
the ounce is divided into 16 drachms. 


1b: Ausirdupi is anal to 14 ox. 11 dwis. 152 grie 
Troy. 


Hol, Te ee oe Be ; gar. 
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§ 141. j 
Gold and filver are commonly weighed by the 
mark of Cologne. When gold is weighed, the 
mark (65536 St. P: pts.) is divided into 24 carats, 
and the carat into 12 grains. When silver is weighed, 
the mark is divided. into 16 loth», or half-ounces ; 
‚the loth into 18 grains. : 


The fame proportion holds good with any fmall portion 
of metal; one ounce, or a drachm, for inftance. 
Hence the expreflion of gold of 21 carats denotes, that 
in a compounded metal there are z1 parts of pure 
gold, and 3 parts of another alloyed. metal: in 24 
parts, whatever may be the abfolute weight of the: 
compound. In.a fimilar way the expreflien of jlver 
of 16 loths is to be explained. 


In England, gold and- filver are weighed by the Troy 
weight, (§ 140) and the ounce of ftandard gold for 
coinage, &c. confifts of 22 carats of, fine.gold, and 2 
of copper,—The pound: of fandard filver is \¥ 02. % 
dwtss of fine filver, and 18 dwts. of copper. 


§ 142. 

The docimafiic, or aflaying: weight, is a weight 
proportionally reduced to fmall' quantities; fo that, 
for inftance, one ounce may ferve in lieu of a cen- 
tener, or guintal, or hundred pounds (marked cwt.) 
The proportional divifions of that ourice will then 
give. pounds, ounces, drachms, grains, &c. In 
Germany the docimaftic centener, or cwé. is ufually 

| of 
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of the fame weight, as the drachm, or guentchen 
(1024 St. P. pts.) of the Cologne mark-weight. 


§ 143: 

The quantities of Auid matters, whenever exact- 
hefs is required, which always ought to be moft 
carefully attended. to in chemical enquiries, fhould 
hever be determined by meafure, but merely by 
weight. 

The meafuring of fluids may, in fome few cafes; be 
allowed; but then it fhould be always mentioned for 
the information of thofe that will repeat the experl= 
ment, or reafon oH its réfults ; and the more fo, when 
the fame kind of fluid is of various fpecific gravities; 
as water or fpirit of wine; of when, by their nature, 
particular accuräcy is required. Thus the Zondox 
College have, in their Pbarmacopeeia, wifely diftinguifhed 


the quantities of fluids by meafure, m and by 
EN (P).—Edit. 


Re-agents. 


.$ 144. 

Befides the inftruments before treated of, the 
chemift has occafion for a great variety of materials, 
as means to perform his examinations of the various 
bodies. Such fubftances as enable the chemift to 
draw conclufions refpecting the nature and properties 
of the bodies to be examined, ‘by means of thofe 

H 2 alterations 
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alterations which they fuffer themfelves, or produce’ 
in others, are called Zefls, or re-agents (reagentia). 
That we may, by means of them, deduce refults to 
be depended on, they muft be procured and em- 
ployed in the ftate of utmoft purity. 


Thele go N ewrite by the name of adive inferuments, to 
which alfo fire, water, air, &c. belong ; ; and are thus 
diftinguifhed from the paffive inftruments, viz. furnacesy 
veflels, mortars, &c. Chemical agents is another ex 
preflion for active inftruments.—Edit. 


. 
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CHAPTER II. 


Of the more sci ‚Simple and 
Compound Subfiances. 


§ 145. 
BEFORE we attempt an inquiry into the con- 
ftituent parts of bodies claffed under the three 
kingdoms of nature, we mutt. firft beftow our at- 
sention on thofe fubftances, which do not belong 
exclufively to any one kingdom in particular, but 
are difperfed through them all. 


Caloric. 


§ 146. 
The external caufe of the fenfation which every 
body knows by the name of warmth or heat (calor) 
48 what we call calorie. 


: DAB i: chase 

The firft and moft common phenomenon, which 
we perceive in bodies that are brought to the par- 
ticular ftate, in which they excite in us the fenfa- 
tion of warmth or heat, is the increafe of bulk, or 


dilatation, | | 
: 3 a3 § 148 
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§ 148. 
We employ this change of volume of certain 
fubftances, as a meafure to determine the increafing 
or decreafing quantity of that principle which pro- 
duces warmth ; and on this change of bulk is the 


conftruction of calorimeters, and thermometers 
founded. 


- 


| $ 149. 
Caloric (§ 146) is an expanfible fluid (§ 29). The 
action of the calefying fubftance on our fenfa- 
tions, and on the thermometer, (from both of which 
we infer the prefence of caloric) does, according to 
experience, manifeft itfelf on all fides of the body 
which it iffues from, fpreading in all diredtions, 
but with decreafing intenfity. Around the heated 
body we may, therefore, imagine a fphere of ca- 
loric, the expanfive power of which decreafes in 
proportion as the fquare of the diftance from the 
heating point increafes. 
$ 150. 

Ca Borie is alfo a pure expanfible fluid (§ ie) | 
It cannot be proved by any argument, that its par- 
ticles are acted on by the force of grayity. It is 
therefore abfolutely impoffible to afcertain the quan- 
tities of caloric by weight, and it muft in all re- 
{pects be confidered as an imponderable fubflance. 


§ 151. a 
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$ 151. 

Calorie is, laftly, a fluid expanf thle of itfelf 
{$ 30). We are not acquainted with any fubftance, 
neither does one fingle experiment fhew us any, 
from which we can deduce the expanfibility of 
«aloric. 


Oo Tues 

By virtue of thefe properties caloric fhould dif- - 

tend_in infinitum ; and. it would really de fo, were 

it not for other fubftances, which by their attrac- 

tive force for it, render its power of expanfion inac- 
tive, and thus fet limits to its dilatation. 


$ 153. 

To explain certain phenomena in a more per- 
{picuous way, it may be allowed to imagine the 
dilatation of caloric in the manner of rays, as if its 
particles expanded divergingly in ftraight lines from 
their origin. Yet this way of reprefenting it is 
not fupported by fact. Caloric, though in the 
ftate of the ereateft rarefaction, rather fills the {pace 
which it occupies in continuity; that is, as a eon- 
- tinuum without interftices. By the greater or lefs 
denfity of caloric, nothing more is underftood, than 
the greater or lefs manifeftation of its activity, or of 
its expanfive power. The intenfities, afcertained by 
its actions on the thermometer, are called its zem- 
peratures. 


H 4 8154 


B 
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§ 154. 
Fon want of proper experience, we are not able 
to ftate the degree of celerity, with which pure 
caloric might expand, if no ‘impediment were put 
in the way of its expanfive power. Yet it cannot 
well be leis than that of light, | 


» § 155. 

"It is known by experience, ‘that all bodies heated, 
but not expofed to a lafting caufe of warmth, 
gradually lofe again the excefs of temperature which. 
they have over bodies around them; and there are 
no fubftances on this globe known, that are capa- 
ble of preferving a heated body included in them, 


at a temperature higher than that of the circum: 


ambient.medium. Hence caloric penetrates all 
bodies. » Yeh has 
§ 156. 

The produétion. of warmth 1 in bodies, and the ine. 
creafe of their. temperature, is, in the atomiftical — 
theory, explained by the caloric penetrating: inta 
their unoccupied interftices, and pervading thefe 
bodies by its increafing quantity. But if this were — 
the cafe, thofe fuppofed empty fpaces only would 
be warm, and the particles of matter themfelves 
would remain cold. For this reafon it feems rather, 
that in this cafe a chemical penetration takes place, 
as in folutions ($ 69); with this only difference, 


that 
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that the heated matter is not decompofed and 
actually diffolved by the caloric. 
Kant’s Elem. of Nat. Philof..p. 99. 


Sic 5a | 

That portion of caloric only is really calorific, or 
producing warmth, the expanfive force of which. is 
active, and is not checked in its expanfion by the 
oppofing attractive powers~of the matter, which 
compofes the bodies which it warms. It is only this 
fpecies of caloric that operates upon the fenfation, 
and. on the thermometer; and is, for that reafon, 
called free caloric. As long as.it is free, from its 
very expanfion, it is not detained in the place which 
it occupied ; this only happens when its tendency 
to expand is fo reduced to inactivity by the attrac- 
tive powers of ‘other fubftances, that it coheres 
and forms with them a chemical combination. «In 
this ftate it is called unperceivable, latent, fixed 
caloric. 

h § 158, 

Hence the temperature of a body ($ 153.) does 
not indifcriminately depend on the quantity of 
caloric which it contains, but principally on that 
portion of free caloric, which is ftreamıng through, 
and iffuing from it. 

$ 159. 
When a body is at a higher temperature than 


another with which it is brought into conjunction, 
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the warmth is propagated from the firft to the 
fecond, and the colder body deprives the warmer 
of its excefs of heat. The temperature of the one, 
therefore, is lowered, and that of the other is raifed. 
And this change goes on, till both bodies are 
brought to the fame degree of temperature. It ts 
now faid, that the warmth of a body, or of its fur- 
-gounding medium, keeps the equilibrium with 
another body of the fame degree of heat. | 


§ 160. 


The equilibrium of warmth, amongft co ntiguous 
bodies, confifts in the equal intenfity of the ftreams’ 
of free caloric, which they reciprocally impart to 
each other. 


§ 161. 

If therefore a body fend out, at the very fame 
time, as much free caloric as it receives, 225 tem- 
perature is lafing. But if at the fame time it re- 
- ceives more than it difcharges, and does not fix the 
free caloric which it receives, then its temperature 
is raifed, or the body is heated. And, on the con- 
trary, if ıt emit more than is communicated to it, 
it is refrigerated. The becoming hot, or being 
cooled, is confequently nothing elfe, than the dif- 
ference of the quantity of free caloric efcaping from 

a body or flowing into it. 


Ne § 162 
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- 


2.102, 


The human body contains within itfelf, as Be as 
it is living, a principle of warmth, in the fame man- 
ner as the bodies of all other warm-blooded animals. 
In other words, as long as we live, there is a portion 
of fixed caloric continually fet free from our body. 
This fubject can hereafter only be inveftigated. IE, 
therefore, fome other body, being in contact with 
us, does at one and the fame time impart to us 
snore free caloric than it obtains from us, we call 
‘it warm, or hot; but vice verfa we call it cold, if 
the quantity of caloric which it receives from us be 
greater than what it remits to us. Coldnefs is 
nothing pofitive, but fomewhat of a negative kind, 
or a privation. Wedo not know what is abfolute 
gold, or the true zero (0) of the thermometer. 


Relative notion of the word coldneß. 
Of the eguilibrium of animal heat. 


§ 163. 

As long as two bodies continue to be perfecily 
homogeneous (§ 3.) and at. the fame time their 
éemperatures be, equal, in. this cafe, equal quan- 
tities of thofe bodies muft alfo contain quantities of 
free caloric, precifely equal; or the quantities of the . - 
latter muft, at equal temperatures, be in the fame 
proportion as the volumes of thofe bodies. When, 
therefore, two homogeneous fubftances of different, 
or unequal temperatures, are either mingled - or 

| mixed 
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mixed together (§ 4.) the diftribution of the calo- 
ric of. the warmer body among both, muft be 
proportional to their volumes, or their maffes ; as is 
alfo proved by experiment, 


§ 164, 

On. the contrary, when heterogeneous bodies 
(§ 3.) and of different temperatures are blended 
with each other, then the excefs of the caloric of 
the warmer body is not diftributed in the pro- 
portion’ of their mafles; but unequal quantities.of 
free caloric are required, to effect in equal mafles 
_ of fuch bodies an equal change of temperature. 


For inftance : If 116 of guick/flver be poured on 1 {5 of 
water of a higher temperature, the heat of the whole 
mafs will be greater than. the arithmetical mean bez 
tween their former temperatures.—But if the quick- 
filver be the hotter body, the new temperature will 


be lower than the faid arithmetical medium. —If, for - 


example, the quickfilver be at 110° Farenh. and 

the water at 44°, the temperature of the blended 

fluids will not be raifed to 77°, as-it fhould, if: the 

furplus of free caloric were. divided among thofe 

fluids in the proportion of their quantities. It will 

be only at 47°.—Let now the pound of quickfilver 

be heated to 44°, and that of water to 110°, then, 

on ftirring them, the common temperature will be 
107°.—Hence if the quickfilyer lofes by this diftri- 

_ bution 63° of its warmth, an equa] weight of water 

‘ gains only 3 “from this lofs of 63° degrees of heat: 
x On the contrary, if the BER lofes 3° » the. quickhlver 
gains 63°, | ia 
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It need not be told, that pains have Eu taken to 
eftimate on thefe experiments, that portion of calorie 
which tranfmigrates into the air, or into the veftel 
where the water and quickfilver are blended. As, 
however, fuch valuation cannot be made with com- 
plete accuracy, the numbers ftated above are a mere 
approximation to truth. 


§. 165. | 
Hence ıf bodies be.of different kinds, it would 
be wrong to conelude from the equality of their 
| temperature, that the quantities of free caloric con- 
tained in. them, bear the fame proportion to one 
sea as the maffes of thofe bodies. 


F Penis preceding example we may infer, that a cer- 
‘tain quantity of free caloric, which. might warm 

"water of a given temperature to 4 degree higher; 
would alfo warm an equal weight of quickfilver of the 
fame temperature to 21 degrees more; and confe- 
quently, we may conclude from it, that equal quan- 
tities of quickfilver and water, both of equal heat, 
would contain the abfolute quantities of free caloric 

a in the BEOROBEIN, of1:21; or as 9,047 : 1,000. 


$ 166. 

The proportion of the quantities of free ca- 
loric, by which heterogeneous bodies of equal 
temperature and of equal weight ‚are-penetrated; 1s 
called the /pecijic. or comparative warmth, or heat; 
and, after Crawford, the capacity of bodies for heat, 
If ER aes be determined with refpect to the 
: fame 
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fame volume of bodies, Wilke calls it relative 
heat. | 

$ 167. 

This fpecific heat of bodies is afcertained by 
the change of temperatures, which they fhew; 
when from being firft taken of different degrees of 
warmth, they are afterwards reduced to a common 
temperature, either by mixing, in the ftriet fenfe, 
or by mere mingling. Videlicet; if the weights of 
both fubftances’are equal, then their fpecific warmth, 
after being brought to a common temperature, will 
be in the inverfe ratio of the changes undergone by 
their former refpective temperatures. If the weights 
of matters to be mingled or mixed are unequal, in 
that-cafe their fpecific heats will be inverfely, as the 
products of the changes in their refpedctive tempera- 
tures multiplied’ by their weights. 


Example: 136 quickfiluer of 110°, blended with 115 
water of 44°, gives 47° (§ 164); hence the change in 
the temperature of the quickfilver i is 110-4763 
degr. and that of water is, 47-—44=3 deg. In con- 
fequence of this ftatement, the fpecific heat of quick- 
Silver is to that of water 83:3 = 1: 1 = g-:1. _ 


§ 168. 
“ Matty’ experiments have been made on this 
head, and tables of the ER heat of bodies have 
been made out. 


2 / | | The 
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The main point in fuch experiments is, that 
bodies fhould never be mingled or mixed together, 
whofe form is altered, or fuch as either fix the 
free, or difcharge the fixed caloric (§ 157) during 
that operation. As this has not been always care- 
fully obferved, we may fairly miftruft the numbers 
given in all thefe tables. Befides, it is hardly poffi- 
ble to value with accuracy’ that lofs of free caloric, 
which, in other refpe&ts, may happen on: blending or 
mixing thefe fubftances. | 


On this aceount, I think, Boerhaave has not.as 
yet been refuted for having. fuppofed, that in hete- 
rogeneous bodies of equal temperatures, the abfo- 
lute quantities of free caloric, which. they- refpec- 
tively contain, are to one. another in: the: ratio’ of 
their refpective volumes,. and. therefore ınverfely as 
_ the weights of. the bodies to each. other. ‘ 
In the above example, on blending of 175 quickfilver 

of 110° Farenk. and’ rf water of 44°, the com- 

mon:temperature’ might turn-out-to be, -inftead of 47,5 

not lower than’43 7° Farenh. (which may indeed: be‘ 

the fa&t, if the vapours of, the water abforb no heat, 
or if the heat loft'may otherwife be better accounted 
for)" andithen, by calculation, the fpecific heat of the 
qhickfilver would.be to that of the water, as, re 
44 : 110484 : = 4,25 : 61,75. = 1,00: 14,52; and 
hence very nearly in the inverfe ratio of their own 
‚reipetive weights. era Iraıfd 


Frequently the fpecific warmth and fixed caloric are 
 miftaken for each other, 


The 
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The Calorimeter of Méfirs. Lavoifier and de la Places 
(Traite Elementaire de Chimie. Pl. 3.)—The obfervations : 
and experiments made with that inftrument do not 
always fhew the fpecific heat of bodies ; but they point 
out the relative quantities of fixed caloric, which, on 
certain changes of bodies; is difengaged. 


MX 169: 

Free caloric, which is tranfmitted to other bodies, 
does not always remain free as to its whole quan- 
tity, but a portion of it, more or lefs, becomes: 
fixed, and it is this fixed portion that caufes the 
changes of form which bodies undergo, when ex- 
pofed to the influx of a greater ftream of heat. 
Solid, liquid, and elaflic bodies are thereby dilated ; 
folid bodies turn liquid, and both may by it become 
elaftic. Thefe changes cannot happen, except the 
attractive powers of matter to the caloric weaken 
and deftroy its expanfive force; ds again, on the 
contrary, the power of attraction of other fub- 
{tances is altered by the tendency of the caloric to. 
expand, and by that very means a change ın their 
Be is effected. | 


$ 170. % 

That portion of free caloric, therefore, rh Ete is 
the caufe of the effects already mentioned ($ preced.) 
in bodies, lofes its calorifie power on our fenfation, 
as well as the effect of its action on the thermometer, 
and becomes fixed, or imperceptible ($ 157); and 
this, during all the time a it produces the altera<. 
2 tion 
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tion of form in bodies, or is fettered by their atträc- 
tive forces. 


1. Suppofe a mafs of pounded ice, or /now, be fo much 
refrigerated in a veffel, that a thermometer placed 
therein points to 10° Farenh. Let the veflel be now 
brought into a warmed chamber, in order to expofe 

Hee the cold mafs to a laftine and intenfer ftream of heat. 
The quickfilver of the thermometer will in this fitua- 
tion gradually rife to 32 degrees; but here it will 
remain, though the ftream of heat flowing to the ice 
be of a much higher temperature. Confequent- 
ly, the temperature of the ice, while melting, rifes 
not higher than to 32°, whatever quantities of warm- 
ing particles may be conveyed to it; but it méfts 
by degrees, and it is only when it has thoroughly 
done melting, that the thermometer rifes. Thus the 
ftream of free caloric, acting on ice of 32° Farenh. 


does not raife its temperature above the point of — 


freezing ; and its action extends no farther, than to 
change the form of /elid into /quid water, and the 


caloric fpent on f Bch changes becomes unperceivable 
and fixed. 


2. Mix 1 pound of fnow at 32° Farenh. with 1 pound 
of water at 120°; the temperature of the mixture 
will not be elevated to 76°, but continue at 32°. 


3. Put fome water of 32° Farenh. in which a thermo- 
meter is fufpended, in an open veflel upon the fire ; 
the thermometer rifes fucceflively higher and higher, 
and reaches at laft to 212°. At this moment the 
water is. boiling, and the thermometer continues 
ftanding at that degree, as long as it is encompafled 
by the boiling water, let the current of heat con- 
“veyed to the water be ever fo ‚great. From this it 

VOL. I. - 2% follows, 


m 


114 More common [Chap. IT. 


follows, that the adtion of the calorific particles on 
liquid water, does not raife its temperature above 
212°, though their own temperature be higher; but 
that the flowing caloric, direéted to the Liguid water, 
becomes in this cafe fixed, and changes the water 
into aqueous vapour. While this change lafts, the 
thermometer remains at 212°, the point of boiling. 


4, Mingle 8]6 of iron-filings at 300° Farenh. with 
116 of water at 212°; the temperature of the united 
matters will not reach 290 2, but remain at 212°. 


a a 

Yet fired caloric muft be owed | in a 
double point of view: into the adhering, and into 
fuch as is chemically combined. The firft fpecies 
of fixation takes place on the mere dilatation of 
bodies, as alfo on the fufion of folid bodies, and on 
their changing into vapours ; and the other fpecies 
on the transformation of a fubftance into air or gas. 
In the firft cafe, the mere mechanical compreffion 
is {uficient to fet the fixed caloric free, and any 
body of a lower temperature is capable of depriving 
another fubftance of it.—But in the fecond cafe, 
neither the one nor the other happens. 


8: 172. 

That caloric, which on the formation of liquid, 
and of elaftic fluid bodies, is fixed, and becomes 
imperceptible, muft of courfe again prefent itfelf 
in the character of fenfible or free caloric, and caufe 


> 


a an 
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an increafe of temperature, whenever elaftic fluid 
bodies are transformed into liquid or folid ones; or 
when liquid are changed into folid bodies.—Upon 
this principle the following laws may be efta- 


blifhed. 


: ect 
I. Free Caloric is fixed by bodies, that pafs 
- from the form of folidity into that of liquidity. 


This law explains é 


1. The fixity of the’ freezing point at the melting of 
fnow or ice ( §170, note 1). 


2. The experiment of note 2, §170. One pound of 
water muft be heated above 162° Farenh. in order 
to melt totally one pound of fhow at 32°. If the 
water be hot above 162°, nothing more than the ex- 
cefs of heat which it has above 162°, is divided 


among the two pounds of water procured by that 
way. 


3. PiGet’s refle&tion of cold, as it is ftyled. 


4. The intenfe cold, produced by mingling now and 
fmoking fpirit of nitre. 


5. ‘The great refrigeration ASPIRE the foie of 
all eryftalline falts. 


6. The great ‘cold; caufed by thé thawing of fnow 
| pleaded with falts. 


The Reich poflible cold, a by melting Bade | 
ice or fnow, together with falts, takes place with re- 
gard to any falt, where, a’faturated folution of that 
EN eng Re falt 
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falt freezes. For after this the caufe of refrigeration 


no longer exifts. 


7. The great cold, arifing when cryftalline falt of 
Glauber is diffolved in concentrated nitric acid. 


$ 174. 

U. The fixed Caloric becomes free, when bodies 

pafs from the Jtate of liquidity into that of 

folidity ; and alfo when they are brought to a 
thicker confifience. 


This jaw is the reverfe of the laft, and its natural con- 
fequence. When, therefore, water freezes, it again 
gives out that heat by which it was made to liquefy. . 
When the congealing goes on only gradually, it is 
indeed not poflible to perceive, by the fenfation and 
thermometer, that portion of the caloric, which 
every moment is difengaged in {mall unperceivable 
quantities only.—Yet on this very calorific matter, 
now becoming free, depends the reafon, 


i. Why water, at the freezing point of the atmofphere, 
dees not freeze on a fudden and entirely. 

2. Why water, that freezes in a cold greater than of 
32%, does neverthelefs retain the temperature of 32° 
without lowering, till its whole mafs be frozen. 


By this law is farther explained : 


3. Why the quickfilver of a thermometer ftanding in 
water, contained in a veflelof a narrow neck, and. 
covered with oil, is raifed to 32%, when the water is 
made to freeze by agitation or ftirring ; though be- 

2 fore - 


a 
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fore this, during repofe, the intenfity of its cold was 
below the point of freezing. 


4. Why, for inftance, if 1 {5 of water at 32° be mixed 
with 1 {6 of fnow at 4°, nearly # pound of the water 
congeals, and the whole mafs is raifed to 32°. 


5. Why a faturated warm folution of Glauber’s falt, 
contained in a corked bottle, if. grown cold in perfect 
reft, without cryftalizing, gets hot in the very mo- _ 
ment of cryftalization, if then agitated. 


6. Why deliquated Glauber’s falt, deliquated Epfom 
falt, deliquated carbonat of mineral alkali, and burnt 
alum, produce heat on being mixed with water ; 
whereas thefe very falts, when in abs cryftalline 
ftate, produce cold with it. 


£ Why burnt plafter, and ftill more fo, burnt hme, are 
‘heated upon the addition of water. 


8. From what caufe the ftrong heat arifes on mixing oil 
of vitriol with calcined magnefian earth. 


g: The fpontaneous inflammation of oils with concen- 
trated nitric acid. 


19. The increafe of temperature taking place on mix- 
ing vitrolic acid with water, vinegar with water, al- 
kohol with water. 


11. The flow cooling of melted tallow, fat, refin, 
and bees-wax. 


143 5, | $ 175. 
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Sırs re 


HIT. Free Caloric is rendered imperceptible, or is 


fixed, on the pafing of liquids into the ftate of 


elaflic fluidity. 
This law explains : - 


. The fixity or elek of the boiling point 
in open veflels, whenever there is no alteration in the 
preffure of the atmofphere on the boiling water ($ 


170). 
2. The phenomenon mentioned before. (§ 170. note A): 


3. Why uncovered veflels, wherein water is boiling, are 
“ not fenfibly heated above the point of boiling. 


4. Why a linen-thread, if wound tightly around a glafs 
fullof water, and clofed bya topper, does not burn, 
when held over the flame of a burning candle. 


5. The refrigeration of rooms, in the fummer feafon, by 


fprinkling them with water. \ 


6. The artificial making of ice at Benares in the Eatt- 
Indies. 


7. The great poe produce by the evaporation of 


ether, and the es of water by that means, | 


(Franklin’s Problem). 


8. The frigorific power, as they term ie of a living 
man fituated in a medium, whofe temperature is 
higher than the warmth of blood. 


9: Many rhenomena confpicuous on the formation of 
Bs; but which cannot yet be explained i in this place, 


5 176, 


en 
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IV. Fixed Caloric is fet free, on the decompo- 


fition of elaftic fluids, and on their return to the‘ 
Solid or the ligüid form. 


This law is again the reverfe of the preceding, and explains : 


1. Why a fmall quantity of water in the ftate of vapour 
gives out much more heat than an equal quantity of 
liquid water of the fame temperature. 


2. Why the decompofition of every kind of air, or gas, is 


always accompanied by the extrication of free caloric, 
or heat. 


$4977: | 
Thus may the calefaction and refrigeration be 
effected, merely by the changes which bodies endure 
with regard to their form. 


§ 178. 

If there. were a cover, impenetrable to free ca- 
loric, any hot body confined therein would for ever 
preferve that higher temperature which it is once 
poflefled of ; becaufe the intenfity of its caloric. 
would not be enfeebled by expanfion. But there 
exifts no matter or fubftance that is not penetrated 
by caloric. 

| 5 179. 

It is, however, known by experience, that various 
bodies do not tranfmit the caloric with equal cele- 
rity, and that though placed in the fame medium, 
they do not allow a certain fubftance, which they 

14 hold 
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_ hold inclofed, to cool in equal times in an equal . 


number of degrees; notwithftanding that both the 
BRPFTERUEN and volume are the fame. 


| Application of this obferyation to various phengiena 
in common life. 


EN ITSO, 


This faculty of bodies, of admitting under equal 
circumftances, the refrigeration of a heated body 
contained therein, within a fhorter or longer time, 
is called the faculty or power of conducting heat; 
and fuch body is faid to be a better, or worfe 


conductor of heat, as allows the refrigeration to go 


on quicker or flower. Thus ftraw, charcoal, wood, 
afhes, wool, feathers, cotton, are worfe conductors 
of heat than water, ftone, metals; and we give alfo 
in common language, the name of warm bodies, or 
bodies preferving warmth, to the former. The 
powers to conduct heat, in the various bodies, 
are to each other inverfely, as the times during 
which other bodies, fhut up in them, grow cold. 


Illufgration by experiments made with cotton, feed of lyco- 
podium, quickfilver, concerning their power of con- 
ducting heat, &c. by Sir Benjamin Thompfon, now Count 
ia 


§ 181, i 


The greater degree of that faculty which fome 
bodies have of tranfmitting heat, depends chiefly 
Re | on 


— a _ 
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on their power of fixing the free caloric by a greater 
or fpeedier dilatation, fufion, or evaporation. 


Light. Phlogifion. 


8'182. 


The external caufe of the fenfation called Seeing, 
is indicated by the expreffions ight, or matter of 
light (Lux) ; and that ftate or condition of bodies 
by which the fenfation of feeing is produced in our 
organ of fight, is ftyled Zllumination or Brightne/s 
(Claritas). | 


§ 183. 

Such bodies as difplay light of themfelves, and 
are a fource or caufe producing light, as, for exam- 
ple, the fun and burning bodies, are called lumz- - 
nous, or illuminating bodies. But fuch bodies as 
become vifible merely by the light »communicated 
to them by the former, are called zl/uminated or en- 
lightened bodies ; in cafe they produce. in us the fen- 
Rod of feeing. 


§ 184. 

Bodies which do not prevent the perception, by 
the fenfe of fight, of other illuminating or illumi- 
nated bodies, when placed in a direct line between 
the latter and the eye, are called diaphanous, tran- 
/parent bodies. To thefe are oppofed the adia- 

phanous, 


2 if 
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phanous, untranfparent, opake bodies. But among 


thefe laft, manifold gradations, of greater or lefs 
opacity, take place. 


NR R, 


The phenomena belonging to optics prove, that - 


light as a pure elaftic fluid (§ 30) fpreads about, 


in all directions, from every illuminating or illumi- 


nated point; and that around every point, giving or 
receiving light, a luminous fphere of undeterminate 
magnitude may be imagined, where the intenfity 
of the ftream of light decreafes in proportion to 
the fquare of the diftance from the luminous point. 
The reprefentation of light, as if it were a di/crete 


fluid diftending itfelf in rays, is doubtlefs ufeful, to 


make the optical phenomena more, confpicuous. 
Yet this by no means prevents us from confidering 
that matter, though rarefied to the utmolt, as a 
continuum ; and to obtain its greater rarety merely 


from a diminifhed activity of its inherent force, 


by which it ads upon us. 


§ 186. 
Light is effentially different from caloric. Iflight 


were caloric very itrongly condenfed, or, in other 


words, if caloric became luminous at‘ a certain de- 
gree of intenfity, it would naturally follow, that 


no glimpfe of light could take place, except at that. 


‚high temperature ; but this is contradicted by. eX- 
perience. Boiling water gives no light, and the 
tem- 


- i s 


a a un no 
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temperature of fhining phofphorus is far below 
that of boiling water. But to explain the nature of 
light by a modification of caloric, without adopting 
a modifying principle, is to aflert the exiitence of 
an effect without any exifting caufe. 


§ 187. ; 
Light may as to its expanfive power, like caloric, 
be made inactive by affinity with other matters. 
It may be fixed, and become a conftituent part of 
other bodies, fo as to be unable to make an im- 
preflion on our organ of fight ; which it can only 
do when it is a free or expanfible fluid. 


§ 183. 

- This propofition, by means of which many phe- 
nomena in nature may be explained, is confirmed 
by the experience that we can extricate light from 
fuch bodies as by themfelves do not produce the 
luminous ftate, and this in various ways: by burn- 
ing combuftible bodies, by electricity, and by cale- 
faction or heating of many fubftances, in other re- 
{pets incombuttible. 

| $ 189. 

But -from the circumftance, that in ‘all thefe 
cafes ($ 188), where light is to be difplayed in a 
free ftate, there always is a certain degree of warmth 
‚neceflary, or at leaft co-exiftent, I am inclined to 
conclude, that light is not a fluid originally elaftic 
($ 30); but that its expanfibility is derived from 

Ke: caloric, 
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calorıc, and confequently, that light is a compound 
of a bafis of its own, and caloric.. 


This doctrine of the compofition of light of a | 
peculiar bafis and caloric, explains alfo the difference 
between the various kinds of coloured light; in 
‘which we may imagine a difference in the propor- 
tion of the bafis to the caloric. But there is, un- 
doubtedly, a certain fixed proportion of this bafıs 
to the caloric required, in order that a luminous 
produ, obfervable to our organ of fight, fhould 
refult from their combination. Nor is there any 
caufe to wonder, how it happens, that the portion 
of caloric, which by this bafis is fo modified as to 
produce light with it, is no longer able to excite 


heat. 


§ 190. 


$. 19T. 

It is this bafis of light which ought to be nie 
guifhed by a particular name; what I call, with 
Leonhardi and Richter: matter of heat, principle 
of combuflion, or phlogifton. 


| "I 192: 

The ab/orption of light, as it is called, is there- 
fore a real decompofition of light, where its bafıs, 
by the attra¢tion of other fubftances, is diflodged 
from the caloric, which then is either made free, or 
again fixed in fome way or other; or, laftly, if com- 


bined with a {maller portion of the bafis of light, is 
reflected — 
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reflected in the form of. a differently coloured {pecies | 
of light. 


$ 193. 
The ertrication of lisht from bodies, which 
before. were not luminous ($ 183), is the com- 
bination of the bafis of light ($ 189), they con- 
rn caloric. 
| $ 194. 
The moft remarkable inftance of the difengaging 
of light is in combuflion ($ 188); that is to fay, 
the extrication of both the light and caloric, from 
‘bodies in conjunction with and by the decompofi- 
tion of vital air, and fome other fpecies of gafes. 
Bodies qualified for this change are called com- 
buftible or inflammabile. 


By this fuftem, therefore, all combuftible bodies are com- 
pounds, for all of them contain the dafs of light, i. e. 


phlogifton. By the antiphlogific fiftem the combuftible 
bodies may likewife be fimple fubftances, 


Combuftible fubftances that are fimple according to the 
antiphlogiftic fyfiem, are 


Compofed, agrecably to the Jiftem of 


4 phlogifton, of 
. a oes heer 
ı.-Phofphorus - Phlogifton and phofphoric radical. 
2. Carbon - - Phlogifton — carbonic radical. 
3. Sulphur - - Phlogifton ~—- fulphuric radical. 
4. Bafis of inflam- Ä RR 
mable gas a Phlogifton — hydrogen. 
drogen) - - | : 
5—23. The 19 Phlogifton and the refpective bafıs 
metals - of each metal. 


Phenomena 


% 


/ 
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Phenomena of Combuftion in atmofpheric Air. 


$195. | 
Take a cylindrical veffel of thin glafs, that- may 
be clofed at top air tight, ‘by means of a brafs fcrew 
and interpofed leather, and whofe capacity may be 
meafured, into fuffciently fmall portions, by a gra- 
duated {cale fixed to it from without. 


. Put into this veffel, full of atmofpheric air, 4 
piece of dry phofphorus (at leaft + grain for every 
three cubic: inches of the veflel’s capacity) ; clofe 
it then air-tight ; heat it gradually by the flame of a 
candle, firft on the fide near the bottom, and after- 
wards the bottom itfelf. As foon as the phofphorus 
has been heated to a certain degree, it takes fire 
of itfelf, burning. with a flame and thick white 
fmoke; but it foon ceafes to burn. Continue 
heating the veflel ‘repeatedly, and let it cool 
again. The fmoke precipitates in the form of 


-flakes,. if the veffel and the air contained in if 


were thoroughly dry, or elfe thefe flakes will melt 
in the moifture. 


After every thing has returned to. the former 
temperature, plunge the mouth of the veffel into 
water or quickfilver, and open its fcrew. It will 


_be found that the water rifes in it; and hence, that‘ 


a portion 


BR. oe eS Se 
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a portion of air, which it contained, has. difap- 
peared.—The water which has rifen fhews what 
quantity of air has been deftroyed, if its cubic con- 


' tent be compared with that of the whole veflel. 
This portion of air thus vanithed will, in moft 


cafes, be about 0,25 to’ 0,27 of the whole volume . 
that had been employed of atmofpheric air. The 
water forced up in the veflel is four. The remain- 
ing air is as unfit for the burning of phofphorus 
as of every other combufitble matter ; animals are 


— alfo fuffocated in that air. We thall hereafter 
fpeak again of this remainder of air. | 


If the veffel, after the phofphorus was inclofed in 
it, has been weighed before the combuftion, and is, 
again after this, when cold, put on the balance, no 
difference of weight will be obferved. 


‚If this experiment be made in a fpacious and 
very dry glafs-jar, clofed with mercury, and if it be 
fo managed, that the phofphorus fwimming on that 


metal is fet on fire by a convex lens, in that 


cafe the white flakes, which precipitate from its — 
fmoke, and are the phofphoric acid, if carefully 


collected, will be found, on being weighed before 
they. melt, to» be heavier :than the phofpho- 


rus employed; that for each grain of burnt phof- 
phorous 22 of this concrete phofphoric acid are ob- 


tained, and hence that each grain of it has ob- 


tained an additional weight of about 12 grains. 


Tweleve 
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Twelve cubic inches (Paris) of atmofpheric air are 
required for the burning of about 1 grain of phof- 
phorus; and this air is reduced in dimenfion about. 
1? cubic inches, or in weight about 14 grains; in 
fuch a manner, that the lofs in the weight of air 
_ wherein phofphorus burns, exaétly correfponds with 
the increafe of weight in the phetphons acid then 
generated. 


Experiments by burning phofphorus in larger metallic 
veffels, exa@ly clofed. Other experiments by the 
' burning of a candle. 


§ 196. 
. The phenomena mentioned in thefe experiments 
obtain, not only when phofphorus is burnt, but‘ 


on any combuftion whatever fimilar circumftances 
occur. | 


1. Every combuftible fubftance, in order to be 
inflamed, muft be heated toa certain degree; more 
or lefs fo, according to its particular nature. Thus - 
phofphorus, for example, requires about 30 degr. 
~ Reaum. of heat. | 


2. Without air no combuftion is effected, and it 
' goes on the more brifkly the more accefs of air is 
granted. 


3. Ina given quantity of atmofpheric air only.a 
certain: Nae Ole of the combuftible body can be 
| confumed. 
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confumed. For inftance: of a piece of phofphorus 
no more than about one grain will be burnt in ı2 cub. 
inches of that air, all the reft remains untouched. 


4. The atmofpheric air, wherein a body is con- 
fumed by fire, lofes part of its weight, and is ren- 
. dered unfit for preferving animal life by refpiration, 
and for promoting combuttion. 


“ 5. The refidue of the burnt matter (whether 
folid, liquid, .or elaftic fluid) is as much heavier, as 
the weight of that portion that has difappeared of 
atmofpheric air. | 


Compofition of atmofpheric Air. 


RE as 

It is therefore evident, that the atmo/pheric air 
(which in this place we difcriminate from the at- 
mofphere itfelf) is a compound of two different 
_kinds of air. Firft, of fuch as alone is capable of 
fupporting combuftion ; which itfelf is decompofed 
in the procefs of combuftion ; which alone is pro- 
per for the fun&tions of animal refpiration; which 
at moft amounts to about 0,27 parts of the atınof- 
spheric air; and which (for reafons hereafter to be 
explained) we diftinguifh by the name vital_air, or 
oxygen gas.—It is. fecondly compofed of another 
kind of air, which is unable to maintain combuf- 
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~ tion, wherein animals are fuffocated ; which at leaft 
makes up about 0,73 parts of the atmofpheric aır, 
and has received the name of azotic, and alfo 
nitrogen gas. | 
.$ 198. | | 

Of thefe two kinds of gas the atmofpheric air is 
not in all places compofed im the very fame propor- 
tion: nor can it be otherwife, ıf we confider, that 
in the atmofphere there are continually, more or 
iefs, thofe. procefles going on, whereby the vital air 
is decompofed. But it is no lefs certain, that the 
vital air muft always be again reftored and gene- 
rated, to prevent the atmofpheric air from becoming 
. quite improper to live in, for animals that refpire. 
We fhall hereafter, treating on the growth of plants, 
become acquainted with a means that segs the 
atmofphere with vital air, f 


s 199. | 
Before we proceed to the theory of combuf- 
tion, it is neceflary to-examine more clofely the: 
properties of vital afr. 


u 


Vital Air, or OXYGEN Gas. Oxygen. 


§ 200. 
"We know at prefent a great number of bodies, 
from which we may, by art, produce vital air. Tt 
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a moft amply obtained from nitre and the oxyds of 
manganefe, or mercury, if they be ignited. 


§ 201. | 

With this view, fill a fmall earthen retort with 
powdered black oxyd, (or native calx of manganefe) ; 
Jute to the orifice of its neck a tin-tube, put the 
retort amongft charcoal in a wind furnace, placing 
the mouth of the tube under the funnel of the 
fhelf-in the pneumatic trough (§ 126) filled with 
water, and heat the retort gradually to rednefs. At 
firft the atmofpherical air of the veffels comes over; 
but upon the manganefe beginning to be ignited, 
vital air is difengaged, manifefting its prefence by _ 
inflaming a wooden fplinter, that in a glimmering 
{tate is brought into contact with it. When. no 
more vital air appears, the orifice of the tube is re- 
moved out of the water, and the retort fuffered to 
cool. - 


520%. 


This fpecies of air, here obtained, is confpicuoufly 
different from the common air of the atmofphere. 
It is fomewhat fpecifically heavier than the laft; a 
Parifian cubic inch of it weighs, according to La- . 
voifier, at 10° Reaum. and 28° barometer’s height, 
0,50694 grains (French) ; whereas an equal volume - 
of atmofpheric air weighs, in like circumftances, only 
0,46005 gr. It hasno{mell, no tafte, and it thews 
no trace. of an acid. | 

K-2 Fa chs 
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Its moft ftriking and moft characteriftic mark 1s 
that of being fit for the refpiration of animals, and 
the combuftion of inflammable fubftances. An 
animal confined in a fpace, filled with this vital air, 
is not nearly fo foon fuffocated as when placed ın an 
equally large {pace of atmofpheric air. _ 


A combuftible body that would require about four 
cubic feet of atmofpheric air, to be totally burnt, 
requires for the fame effet no more than one cubic 
foot of this air, or oxygen gas. The intenfity of ~~. 
combuftion, or the extrication of light and heat, 
in this gas, by far exceeds that which obtains in at- 
mofpheric air. A wax candle burns in it with a 
greater and more vivid flame, and with a crackling 
noife; its dying wick is again inflamed by it. A 
glowing fplinter of wood, a glimmering paper is 
thereby immediately fet in the flaming ftate; tin- 
der, or touch-wood, which otherwife only glimmers, ' 
burns in it with a blue flame. Red-hot coals are 
more rapidly confumed, and burn with greater 
brightnefs. A pointed fteel watch-fpring, whofe 
point has been ignited, is burnt in it with great 
{cintillation. But exceedingly ftrong and uncom- 
monly brilliant is the flame of phofphorus, burnt in. 
this kind of air. | 


| $ 203. 
When phofphorus is burnt in this vital air, and 
ina fimilar manner as in the atmofpheric (§ 195), 
| | (but 


Wels 
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(but taking to 9 cub. inch. of vital air about 4 
grains of phofphorus) we obferve the fame phe- 
nomena taking place, as in the procefs performed 
with atmofpheric air; and that phofphoric acid is 
produced, which is afterwards diffolved by the 
water, when fuffered to enter the veffel. But it will 
alfo appear, that the intenfity of heat and light is 
greater, that more phofphorus is confumed in an 
equal bulk of this air, and, befides, that this air, if_ 
pure, totally difappears. (Ufually, however, there is 
found a fmall refidue of azotic gas). 


_ The phofphoric acid obtained, weighs, even be- 
fore liquefaction, nay, even after fubfequent igni- 
tion, more than the phofphorus employed therein. 
The increafe of weight is in exact proportion with | 
the weight of vital air, which has difappeared. 
Agreeably to Lavoifizr’s accurate ftatement, 1383 
cub. inch. (French), or 69,375 grains of vital air 
are loft in this operation, if 45 grains (French) of 
phofphorus were fully confumed; or 100 parts of 
-phofphorus deftroy by combuftion 154 parts of 
oxygen gas, by weight, and yield 254 parts of con- 
crete phofphoric acid, | 


N 204. 

The deftruction of vital air in the burning ae pho 
phorus inclofed in a quantity of that gas, as well as 
its reproduction from manganefian oxyd, are fuffi- 
cient arguments to fhew that it cannot be an 

Bad elaftic 
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elaftic fluid originally fuch (§ 30), but that its - 
form 6f elafticity is entirely owing to caloric (§ 31). 
It confifts, like every other kind of air, of a peculiar 
ponderable, and not of itfelf elaftic bafis of its own, 
and of the zınponderable caloric, which is chemically 
combined with this bafis, and transforms it into an 
elaftic fluid. | 

...$ 205. | 1 

As this peculiar or appropriate bafıs of oxygen 

gas ought to be diftinguifhed by a particular de- 
nomination, 'Luvoifer has given it the name of 
Oxygen, or Acidifying Principle ; partly becaufe 
feveral combuftible bodies are changed into acids by 
being burnt in it, and partly becaufe it is a confti- 
tuent part, or rather the principle of all acidity, as 
will appear from what follows.—Vital air confifts 
therefore of oxygen and caloric, which are both 
chemically combined into a new total, and for 
this reafon it.is denominated oxygen gas. 


Synonyma: Vital air, dephlogifticated air, pure air, fire air, 
( Aér vitalis, dephlogifticatus, purus). 


§ 206. 


The orygen gas itfelf is not contained in the oxyd 
of manganefe and other folid or liquid bodies, by 
means of which we may procure it ; but only its pon- 
derable conftituent part, the radical oxygen, by the 
combination of which with caloric, that gas is firft 
generated. By mere red-heat it is not poffible to free 
the manganefian oxyd from all its oxygen, 


Btn § 207. 
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9.207. 

The combuftion of phofphorus and other inflam- 
mable bodies, either in atmofpherical air (§ 195), 
or in oxygen gas (§ 203), 1s, in both cafes, a de- 
compofition of the oxygen gas, in which procefs ' 
the caloric is deprived of the oxygen, by the com- — 
buftible fubftance having a ftronger attraction 
for it. Ä | | 

FO 

Oxygen is with us a fimple fubftance ($ 8), 
fince we are unable to decompofe it any farther. 
It is, befides, not exhibitable by itfelf, or it cannot _ 
be feparately produced in its fimple ftate; forat the | 
inftant that it might become free, it would again 
unite with the caloric of the furrounding medium, 
and form oxygen gas. We know it, therefore, in | 
no other way than by its combinations. It exifts 
very generally difperfed in nature, and is a confti- 
tuent part of the atmofpheric.air, of water, of all 
acids, of all metallic calces or oxyds, and of all 
_ bodies of the vegetable and animal kingdoms. 


Theory of Fire and Combuftion. 


§ 209. 

I take here the word fire in the ufual fenfe of 
common language, and underftand by it that light | 
which is combined with free caloric. Combuftion is 
~ u the 
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the extrication of fire with and by the decompofition 
of oxygen gas. We fhall keep to the example 
quoted of phofphorus (§ 195, § 203). On its com- 
buftion two new produéts, the phofphoric acid and 
fire, arıfe from phofphorus and oxygen gas, 


§ 210. 

In order that the theory of combuftion be athe; 

miffible, it muft explain every circumftance by 

which this phenomenon is accompanied, and be in 

contradiction with none of them. It, befides, muft 

not be inconfiftent with any other fixed invariable 
law of nature. x 


S211; | 
‘According to the antiphlogöfic [uftem (§ IX. In- 
‘trod ) a combuftible body is fuch (§ 194) as is 
pofleffed of the power of attracting, in a certain 
temperature, the oxygen of vital air more ftrongly 
than it is attra¢ted by the caloric. Befides, in that 
fyftem, oxygen gas does not merely confift of 
oxygen and caloric, but it likewife contains light, 

in a fixed ftate (§ 187), as a conflituent part, 


If, therefore, phofphorus, at the temperature re- 
quifite to its inflanimation, be brought into oxygen 
gas, it robs the latter of its oxygen, and makes with 
it phofphoric acid ; -whilft the ‘caloric and the bafis, 
‘or matter of light, previoufly latent in the gas, 
are reftored to liberty; and, combining together, 

| _ produce 


2 


Chap. II. | Theory of Combuftion: 137 


produce the fire which flies off. ‘Thus the oxygen 
gas is decompofed. 


A new body, the phofphoric acid, is now ge- 
nerated; and, becaufe in many cafes an acid is pro- 
duced by the combuftion of inflammable matters. 
this circumftance has induced modern chemifts to 
denote the bafis of vital air by the words acidifying 
principle, or oxygen; not on the ground that it is 
fuppofed to be four of itfelf, but becaufe it forms 
an acid only when combined with an acidifiable 
bafis, as in our experiment with phofphorus. And 
it is on this account that, in this fyftem, combuftion 
has likewife received the name of oxygenation. 
But in the cafe (very often occurring) where the - 
combuftible matter imbibes oxygen, yet without 
becoming thereby an acid, the produ&t is called 
oxyd (alfo denominated half-acıd), and the pro- 


cefs is termed orydation. 


Since the combuftible fubftance takes up the 
ponderable bafis of oxygen gas, and fince, accord- 
ing to this fyftem, both the caloric and light are 
imponderable, it is thereby accounted for, why the 
refidue of burnt matters, the phofphoric acid, for 
inftance, acquires an increafe of weight equal to 
that portion of vital air which was decompofed.— 
Jf the inflammable fubftance be faturated with oxy- 
gen, it,is rendered incapable of decompofing more 
oxygen gas, and the combuftion is ended. 


When 
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When the combuftion is performed in atmo- 
fpheric air, it is then the azotic, either mingled or 
mixed with the oxygen -gas, that prevents thefe 
phenomena from going on with the fame vivacity 
as in pure oxygen gas; and likewife, as the azotic 
gas is not affected or acted on by the inflammable 
body, it is left as the refidue of the atmofpheric 
air. | 

§ 212. 

Hence, i that fyftem, the combuftion of phof- 
phorus in oxygen gas is effected by a fimple affinity 
(§ 48), and the principle of fire is not in the com- 
buftible body, but in the oxygen gas. | 


However, from what I have ftated of the com: 
pofition of light, I cannot help thinking, that in 
combuftion a double affinity takes place; and to ex- 
plain this theory I fhall fele& the example of phof- 
phorus. That fubftance confifts of the bafıs _of 
light, called by me phlogifion, and making a ¢on- 
ftituent part of all combuftible bodies (§ 191) 
united to a peculiar body, the pho/phoric-radical. 
—On ygen gas is a compound of oxygen and 


— caloric (§ 204, 205). 


pe when phofphorus 1s heated in this gas, and 
by this means the force of attraction between the 
phlogifton and the phofphoric-radical is fufficiently 
weakened, fo that the attractive power between the 
radical 
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radical of photphorus and the oxygen may prevail, 
then the act of combuftion enfues. The phofphoric 
bafis attracts the oxygen, while the phlogifton of 
the phofphorus is attracted by the caloric of the 
“ oxygen gas. "Thus, by virtue of this double affi- 


nity, two new compounds, the phofphoric acid and. - 


fire, arife from the two former combinations, phof- 
phorus and oxygen gas. 


When the radical of phofphorus, and in general 
of any combuflible body, has abforbed fo much 
oxygen, that it is faturated with it, the combuftion 
is arrived at its higheft degree; and in the fame 
manner it is ended, at the moment when all the 
quantity of oxygen gas, capable of being decom- 
pofed, is exhaufted. By this it is explained, why, 
in a given volume of oxygen gas, only a certain 
quantity of phofphorus, and in general of every 
other combuftible matter, can be confumed by 
fire. 


The increafe of weight in the refidue of the 
burnt fubftance is, in this phlogiftic, or rather 
eclectic fyfiem (§ IX. Introd.), likewife explained 
by the accefs of oxygen; and the caloric and bafıs 
of light are likewife fuppofed to be both imponder- 
able. The remaining azotic gas, not being acted 
upon by the combuftible matter, | 13 merely the re- 
fidue of the Manbionst ie air. 


§ 219. 


* 


/ 
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N 213. 

_ Thofe that wifh to be impartial, muft allow that 
the light, in the antiphlogific Juflem, acs a part 
. quite fuperfluous; that it may be thoroughly {et 
-afide without impairing the fyftem; that by this 
fyftem thofe phenomena cannot be explained, where 
light iffues from combuftible bodies without any 
accefs of vital air, fome inftances of which will 
hereafter be given; that the influence of light upon 
the growth and thriving of plants, upon the changes 
of their mixture during vegetation, and upon the 
alteration in the mixture of many other bodies (of 
the white filver-calx, for example), is by far too 
great, to allow oxygen gas to be confidered as its 
only refervoir. Finally, it muft be granted (an im- 
portant point) that the antiphlogiftic fyftem does 
' in no way explain the incidents preliminary to the 
procefs of combuftion; and that it affords no argu- 
ment to fhew why a certain degree of heat is ne- 
ceflary, in order that the combuftible body be in- 
flamed. 

However, as young ftudents are eafily perplexed, 
by ftating, throughout the whole fyftem of che- 
miftry, every explanation varioufly, according to 
both theories, I fhall henceforth explain each phe- 
nomenon merely according to the frict antiphlogiftic 
fyftem ; efpecially as a thorough acquaintance with: 
this laft, obtained by ae a method, will make it 

"ealy 
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eafy to apply afterwards the principles of the eclectic 
- fyfiem, explained above, to any phenomenon. 


Sy 214. 

It appears ae experiment, that combuftible bodies 
are burnt either by mere glowing or ignition, ot 
accompanied with fame. Chemical analyfis fhews, 
that all bodies burning with flame are either them- 
felves volatile, or contain volatile conftituent parts, 
capable of being transformed by heat into elaflic 
fluids, and particularly into vapours. The flame of 
burning bodies is, for this reafon, the burning vapour | 
or burning gas arifing from fuch bodies. 


é § 215. 

Subftances, different in the utmoft degree, may 
conftitute the flame of bodies under combuftion. 
Even the'colour of the flame, fo various, may be ac- 
counted for by this obfervation. 


Beapalts of cpleived flames: 


. Spirit of wine burns with a d/ze flame; the folution of 
borax in alkohol with a green; the folution of the 
muriat of ftrontion-earth with a red. 


§ 216. 


When fubftances are mixed, which by their mu- 
tual re-aétions difengage a fufficient quantity of 
caloric, and if fome inflammable matter be then — 


prefent, | 
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prefent, a Spontaneous inflammation may take place 
on the accefs of atmofpheric alr. 


Such inßances are the inflammation of oils by concentrated 
nitric acid, and of rhe vitriolic acid by calcined mag- 
nefia. 


$ 217 

Inflammable mixtures may likewife be fpon- 
taneoufly inflamed, if caloric be difengaged either 
by the gradual action of certain conftituent parts 
upon one another, or on the alteration of their form, 
occafioned by external caufes.—-Examples of this 
te: Homberg’s pyrophorus; the fpontaneous in- 
flammation of pyrites, of hemp, lamp-black, or 
wool, with hemp-feed oil; of the bran of rye ftrongly. 
roafted, and wrapt:up in a packet; as alfo torrefied 

root of fuccory, faw-duft of mahogany wood, &c.* 


* In the year 1781 a frigate took fire in the port of 
Cronftadt, juft as fhe was preparing to fet fail, though 
. no fire had been made in her for feveral days before, 
By this Mr. Georg?, of the Imperial Academy of 
Peterfburgh, was induced to make a number of ex- 
‘periments to account for that fpontaneous inflamma- 
“tion, and of which are thofe alluded to by the author. 
Mr. Georg?’s whole paper is inferted in the French 
Fournal de Phyfique for July 1782.—Mr. Nicholfon has 
given a concife and inftructive abftra&t of that paper 
in his Principles of Chemiftry, B. II. Se&. 5. Ch. 6. 
 —Edit. 


AZOTIC, 
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Azoric, or Nitrogen Gas.—Ax0t. 


hire Son 

_ We return to the refidue, left, after the com- 
buftion of phofphorus, in a confined bulk of at- 
mofpheric air (§ 195). This remaining air has not 
in the leaft the properties of atmofpheric air; it is 
no longer able to fupport combuftion, or to main- 
tain life by refpiration. Animals die in it. Its 
fpecific gravity is fomewhat lefs than that of atmo- 
fpheric air. A Parifian cubic inch of it weighs at 
28 inch. of the barometer, and at 10 degr. Reaum. 
0,4444 grains (French). We have already diftin- 
guifhed it by the name of azotic gas. 


Synoryma: Phlogifticated air, corrupted air, mephitic air, 
nitrogen gas (air phlogifticatus, vitiatus, mephiticus ). 
§ 219. 

By the analogy of the azotic with other pafes, it 
is obvious that it muft be a compound of a pon- 
derable bafis and caloric. To the firft of thefe con- 
ftituent parts we give the name of azot. It is not 
producible by itfelf alone ; and it has never yet been 
decompofed. Hence it is ranked among the fimple 
fubftances. It is not only a radical principle of our 
atmofpheric air, but alfo of many other bodies of 
the vegetable, and efpecially of the animal king: 


dom; 


; : » 

; we : N ‘ : 
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dom; upon which account azotic gas may be ob- 
tained from them. by various operations. This gas _ 
is, befides, met with in the air-bladder of fifhes. 
Laftly, azot is one of the conftituent parts of nitric 
acid, of ammoniac, and probably of crude clay, and 
fome other fpecies of earth or ftones. 


According to the phlogiftic fyftem, azo is a compound 


of phlogijton, and the peculiar fubfratum, or radical 
principle cf axot. 


Eudiometer. 


§ 220. 


As that property of atmofpheric air, by which it 


is conducive to the maintenance of animal life on 


breathing, folely depends on the quantity of oxygen 
gas which it contains; and as, befides, a variety of 
procefles, whereby vital air is decompofed or formed, 
are carried on in the atmofphere (for which reafon 


* the atmofphere cannot every where, and at all times, 


contain an equal portion of vital air), it of courfe 
became interefting to inveftigate, what might be the 
proportional quantity of oxygen gas contained in the 

_atmofphere, and hence to learn the fitnefs of air for 
refpiration, which depends on it. 


No fooner were the means of decompofing vital 
air difcovered, than pains were taken to find out a 
method by which the above purpofe might ‘be ob- 

tained: 
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tained. The inftrument wherein the oxygen gas, 
. of a given volume of air fubjected to examination, 


thay’ be decompofed, and its quantity meafured, is 
called an. eudiometer. 


Priefiley is the inventor of this inftrument. For 
this purpofe he propofed the nitrous gas, which here- 
after will be more fully attended to. Scheele em- 
ployed the fulphuret of iron; and thus we have be- 
come acquainted with feveral eudiometrical procefles, 
which will be explained in their proper places. 


Of all thefe methods, Ithink the fureft, the moft 
fimple, and commodious, to be that which has been 
already defcribed; namely, to decompofe the oxy- 
gen gas contained in a definite quantity of atmo- 
fpheric air. by the combuftion of phofphorus, and . 
to meafure the portion of gas which has difappeared . 
(§ 195). The whole apparatus may be made fo 
{mall and portable as to ferve for a pocket-eudio- 
meter. If the inftrument be deftined merely for 
examining atmofpheric air, it will be fufficient to 
apply the fcale (§ 195) from the orifice of the cylin- 
drical tube down to but half its length, or its cubic 
contents; to fketch that fcale on a flip of paper, 
pafted on the outfide of the eudiometrical tube, and 
to varnifh it over. This half is divided into fifty 
equal parts, which in this cafe indicate hundredth 
‘parts of the whole capacity of the inftrument. | 


SOU. con ig 8 22L, 
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However, though by thefe eudiometrical expe> _ 
fiments the quantity of refpirable air in one kind . 
of air may be found, it is, neverthelefs, not prac- 
ticable to afcertain by them the abfolute goodnefs 
and falubrity of fuch air with regard” to refpiration. 
It would be a good deal more ufeful, had we any 
mearis to difcover, with certainty and accuracy; 
thofe principles, or conftituent parts of the air we 
breathe, which have a noxious influence on our ~ 
‚health and manner of living, and were we thus en- 
abled to combine a cacometer with the eudiometer. 


Of the vapours and choke-damps of the mines, in the 
Shafts, gangues, and pits. 
§ 222. 

The burning of a body, a candle for inftance, is 
an ünqueftionable proof of the prefence of oxygen 
gas in the atmofpheric air fubjected to examination. 
We may, therefore, advantageoufly make ufe of that 
teft, at leaft to learn whether the air, for example; 
of fubterraneous caverns, pits, mines, and the like, 
may be inhaled without danger. 


§ 223. 

Finally, whether our atmofpheric air be fimply 
mingled of azotic and oxygen gafes, or whether it 
be a true mixture (meaning thereby a chemical 

com~ 
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combination or compound of thefe two kinds of 
air) feems to me not yet fully decided. * 


Carbonic Acid Gas. —Carbonic Radical. 


§ 224. 

On the burning of charcoal, or a great many 
other fubftances, in vital air, another circumftance 
occurs; namely, the generation of a peculiar kind 
of gas, which does not take place in the combuftion 
of phofphorus. 


When charcoal; well charred, is employed, and 
the procefs performed ın a glafs-bell full of oxygen 
gas clofed with mercury, and the coal, having fome 
touch-paper or phofphorus ftuck on, is lighted from 
without by a lens collecting the fun’s rays, it will 
be found that the elaftic fluid under the bell does 
not difappear, as is the cafe on the burning of phof- 
phorus, but that a new and peculiar kind of gas 
is formed. ‘This air is unfit for refpiration, as well 
as for maintaining combuftion; but is abforbed by 
cold water, and ftill more readily by a folution of 
cauftic alkali and lime-water, which laft is rendered 
turbid by it. Hence, if lime-water be brought 
under the bell above the furface of the quickfilver 
_ by which the gas is confined, the volume of air is 
diminifhed; and whatever remains of it is the por- 

é pS RN tion 


m ER 


148 More common Subjiances. [Chap. Ib 


tion of oxygen gas, which during the combuftion - 
had efcaped the influence of the coal. 


This experiment performed in a different way. 


§ cok 
According to Lavoiper’s. accurate flatement, 72 
parts (by weight) of oxygen: gas are in this expe- 
riment confumed by 28 parts of charcoal ; and both 
_ form together a new compound, confifting of 100 
parts (by weight) of this kind of gas, which is ab- 
forbed by lime-water and cauftic alkaline lye. 


: | $ 226. or 

_ This gas, thus generated by the burning of ‚char- 
coal in vital air, is called carbonic-acid gas. It is 
- remarkably different from others by its greater {pe- 
cific gravity (a Parifian cubic inch of it weighing. 
0,68985 French grains) ; by its unfitnefs for refpira- 
tion, and the maintenance of combuftion; by its 
acidity, detecting itfelf by reddening the tincture 
of litmus; and by being abforbed by cold water, 
and | (what is done by no gas hitherto: treated. of) 
by its making lime-water turbid. | 


at Fixed air, aerial acid gas, aerial acid, chalky 
acid gas (aér fixus, gas acidum atreum, acidum aörcum, 
“gas aciddm crete) gas aan vinofum mufti of Vax 
Heloont. 


a Bon 62227. 
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N 2b. | 

Like all other kinds of air, the carbonic- aid eas 
. has for its principles a peculiar ponderable bafis and 
caloric. The firft has obtained the name car- 
bonic acid. The abforption of this gas by cold 
water, lime-water, and cauftic lye, confifts in thefe 
liquids taking in within themfelves its ponderable 
bafis, while at the fame time they difengage its 
caloric, and confequently the gas is decompofed. 
Free carbonic acid, at the preffure of air, and at the 
temperature which we live in, -is aeriform. Onits‘ 
extrication, it immediately aflumes the aerial ftate. 


§ 228, 


Carbonic acid (§ 227) is one of the radicals, or 
conftituent parts of a vaft many bodies. It exifts — 


- in feveral foffils, and efpecially in crude calcareous 


earths, as chalk, common lime-ftone, and: ‘marble ; _ 
from which it may be extricated in the form of 
gas by other acids of fuperior affinity with cal- 
careous earth; and thus chalk is advantageoufly 
employed to produce carbonic-acid gas. ‘This acid 
- may likewife be extricated by fire from bodies con- 
_ taining it, as will be feen hereafter: and it is this 
fame acid which caufes the frothing in fome acidu- 
lous {prings, in fparkling wines (vins moufeur) as 
Champaign, in bottled beer, and at every vinous 
fermentation, It is, befides, generated by breath: 
peng ge ing; 


150 ‚More common Suhflances. [Chap, IT, 


ing; and the exhaled air never fails to contain fom¢ 
 carbonic- acid gas. 


> 229. 
The carbonic acid itfelf is evidently a product 


from coal, or radical car bon and OLYZEN 5 becaufe 
the carbonic-acid gas, generated when charcoal is. 


burnt in vital air ($ 224), weighs” exadtly as much 


as the fum of the weights of the coal (not account- 
ing its afhes) and of the oxygen gas that were con- 
fumed i in the procefs. At the temperature requifite 
to ignition, it attracts and takes into its bulk the 
oxygen, or bafe of oxygen gas, and difengages the 
fire of the latter, viz, the caloric combined with 
light ($ A 


§ 230. 


Carbon, or pure coal ($ 229), is in the anti- 
phlogiftic fyftem a fimple fubftance (the earthy and 
faline particles making its afhes being confidered as 
foreign, and intimately mingled with it). Coad is 


- taftelefs, infoluble in water, not volatile, infufible, 
“and indeftru&tible in the moft vehement fire, if air 


be excluded. It requires a high temperature in 
order to decompofe oxygen gas ; Oe its affinity with 
oxygen is fo great, that even in a red heat ‘it de- 
prives a vaft multitude of other burnt bodies of 
their oxygen, TonACHBE them again fufceptible. ‚of 

! ignition ; 
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ignition; whence it is faid to diforyde thofe 
bodies. This radical abounds in all animal and 
vegetable bodies, and in their proximate conflituent 
parts (§ 7). It exifts alfo in crude iron, fteel, and 
efpecially in graphite, or black-lead. From this 
caufe it is that fome carbonic acid is formed in the 
conflagration of all combuftible matters, of both the 
animal and vegetable kingdoms. 


According to the pbepitie ‚lem, carbon is. not a fimple 

fubftance, but a compound of phlogiffon, and the pe- 

/ culiar /ubjratum or bafıs of carbon, which in the lift 

fubjoined to $ 8 we have called carbonic radical. Hence 

alfo, in the opinion of phlogiftians, carbonic-acid isa 
compound of this bafis of carbon and oxygen. 


§ 231, 

When charcoal is burnt in common air, there re- 
mains not only the azotic-air, but alfo the then 
newly generated carbonic-acid gas. This formation 
of the latter is the true caufe why coal burning in 
an inclofed fpace of air, whether atmofpherical or 
of oxygen gas, is extinguifhed before all the vital 
air Is decompofed. From what has been mentioned 
before, it is eafy to judge of the pernicious effects 
upon the life and health of men, fo frequently caufed 
by the burning of charcoal, or, as is the common 
expreffion, by the vapours At charcoal, in clofed 
apartments. 
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Water.—Hyprocen.—And Inflammable_ Air, 
or HYDROGEN Gas. 


~ 


$12 32. 

Water exifts 3 in nature in a triple form: as folid 

water, or ice; as a liquid fluid, or water, properly _ 

fo called; and as an elaftic fluid, or aqueous va- 
pour. | 


8.238: 
Ice ıs a tranfparent, brittle body, more or lef re- 
gularly cryftallized, and melting at 32° Farenheit. 


Its cryftals, if regular, are needle- ne ns | 
one another at angles of 60 degr. 


sans er 234 
When folid water or ice melts, a confiderable 
quantity of caloric is fixed by it (§ 170); which, if 
it were at once fuddenly difcharged from the lique- 
fied water at 32° Farenh. would heat water of the 
{ame temperature, and of equal weight, nearly to 
163° Farenh. Liquid water, therefore, is to be re- 
garded as a combination af a limited quantity of 
Keen and ice. | En 

MWg ST ‘4 

§ 235. 
Pure water is an uninflammable fluid, without 
colour, talte, or odour, and certainly capable of be- 
© vr. ‘ x 0% ¢? ©: si TT } - we ing 
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ing fomewhat compreffed. As has been already ob- 
ferved, it is merely by the preffure of air that water 
is retained in the ftate of liquidity at the temperafure 
above the RESEWE-DAIN, 


§ 236. 

At the preflure of the atmofphere of 28, inch 
of the barometer, water requires an intenfity of the 
caloric: exprefled by 212° Farenh. in order to boil, 
and to be converted into an elaftic fluid, or wqueous 
vapour. The ‘quantity of caloric fixed by water 
on its tranfition into the vaporous ftate, at the 
ufual preflure of common air, is very confiderable. 


ths 
The aqueous, like every other vapour, lofes its 
-elaftic form by cooling and compreflion, and is by 
them decompofed. Its bafıs parts from the caloric 
in a moft finely-divided ftate, and forms Jog, which | 
fhould no longer be called vapour. ö 


_ Hence are explained the formation. of chuds, of fog, 
dew, and. Bear. -froft; the guibilayy of our breath in 
winter; the tarnifhing, or, as it is conned, the fweat- 
ing of cold bodies in warm and damp rooms; the 

{weating of windows, and their freezing in fuch 
rooms; the icy incruftations or hoarinefs of build- 
ings, upon N after froft has continued for fome 
time. : 


Of the fees 


§ 238. 
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2338: 


The atmofphere is never free from aqueous vapour, 


which, however, does not injure its clearnefs 5 it is 
only the decompofed. vapour, or fog, that makes it 
thick * Fhefe vapours, by the en changes 
of preffure and temperature of the atmofphere, are 
jnoeflantly, by turns, decompofed and regenerated. 

* The reafon of it 2% that it is only the bafis of the 
aqueous vapour, viz. water, but not the vapout 
itfelf in pure elafic Rate, which produces moifture. ~~ 
Edit. | | 

| $ 239 


It is not only by pint its temperature lowered, 


beneath the point of congelation that water lofes its 
form of liquid fluidity, but it may likewife become 
folid by the attractive powers of other matters. In 
this laft cafe it alfo gives out part of its fixed caloric, 
as clearly appears from the water of eryflallization 
of falts and earths, 
5 240, | 

Water i is a folvent or menftruum of a vaft num; 
ber of bodies ; ; particularly of falts, and feveral 
earths. By means of thefe falts it likewife becomes 
a menftruum for other bodies, which cannot be 
“diffolved by water alone. 


§ 241. 
It is from this fact, that only a {mall an 
of water perfectly pure is met with in nature, To 
ao Bug 
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the pureft waters belong the atmofpherical, efpecially 
Snow and rain-water ; and next to thefe the tafte- 
lefs Spring and pump- water, the So ofter kinds of which 
are purer than the har der ; which laft derive their 
hardnefs, as it is ftyled, from diffolved earthy 
neutral falts. The waters, ed mineral waters, 
are, with refpect to their predominant contents, 
3 fubdivided into Acidulous, Chalybeate, Alkaline, 
Bitter, V itriolic, Cement-water, and Salt brine- 
Springs ; to the laft of which the Sea-water be- 
dongs. 


ve 242. 

To procure pure water, diftillation is the only 
effectual means we have. It is neceflary that this 
diftillation fhould be performed, in veffels which do 
not themfelves contaminate the difilled water. — 

Pure water is not fubject. to any kind of putrefac- 
tion, provided it do’ not happen to be in contadt 
with organic bodies, 


Guyton de Morveau recommends a cheaper and more ex- 
peditious way to obtain pure water. Aknales de 
Chimie Tome XXIV: p- 317. He colleéts rain-water, 
which by its nature is only defiled by fulphat of lime 
taken up\from the plafter of the chimneys, tiles, and 
other pointings of the ridges of the roofs (in France). 
-—Which to difengage, he filters it Airft, and drops into 
it a folution of barytes, prepared after the. manner of 
Vauquelin’ s (vid. § 343. n.); until after the precipi- 
tation has fubfided, the laft drop exhibits no altera« 

| tion of tranfparency. By En addition of water im- 
| REN, pregnated 
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pregnated with carbonic acid, (which however mut 
not be in excefs) the precipitation may be fuddenly 
effefted.— Ed. 2 
§ 243, 

Sine very old opinion that water might be tranf- | 
muted into earth, which in latter times has been. 
endeavoured to be proved by the growth of plants . 
in fimple water, and by its earthy fediment on re- 
peated diftillations from ER veflels, is, at prefent 
completely done z away * 


* Some plants, even of the moft fucculent kind, and in 
the hotteft climates, as the Agave, Cadlus, Aloe, 
Gacalia, grow on the drye ground avithout water. — 
The refiduary matters originated from the diftillatory 

 veflels, or were held in folution by the water em- 

| ployed. — Et. 


§ 244. 
© Contrary to the ancient idea, water is not a fimple 
fabRance. but it may be decompofed or refolved 
into heterogeneous principles, and be againcom- 
Bern of them. | 


| $ 24 

_. Take a coated tube made of hard glafs, put into 
the middle of its cavity 274 French grains of iron 
wire, rolled in a fpiral form, lute to its upper og 7 
fice ‘the. neck of a {mall gla afs retort, containing | 
nearly two ounces of water, and place this laft on 
a ‚land bath.—Caufe then the middle part of the 

tube, 
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tube, where the wire is lodged, to pafs fomewhat 
inclined through a pan of coals, and lute to its 
lower end the middle bottle (§ 128.) ftanding i in cold 
water, and from which. the.conveying pipe (§ 128.) 
iffues, having its other extremity carried under the 
funnel of the pneumatic trough.—Thefe things 
being prepared, the middle of the glafs tube is 
heated to rednefs, but gradually, while the water 
in the retort is made to boil, and its vapours thus 
forced to pafs through the red-hot wire. 


By this procefs, a quantity of a peculiar kind of 
"air, inflammable, and extremely light, ıs generated. 
—If there be no defect in the operation, about 
416 Paris cubic inches of this inflammable air, 
weighing 15 French grains will be obtained, after 
the atmofpherical air has been fubtracted. The iron 
is changed in the tube, being now friable and brit- 
tle, or converted into. an oxyd ($ 211.) and it 
weighs 85 grains more than before the operation. 
- he: water colle¢éted in the intermediate bottle, after 
the whole quantity is diftilled over, falls 100 grains 
fhort of what has been employed. 


If the computation of the quantities be dif- 
regarded, the inflammable air may likewife be pre- 
pared in a furer way, by placing in the middle of a 
gun- -barrel fome iron wire twifted {pirally ; by lut- 
ing to its higher apertwe a glafs retort filled with 
water ; by making then the middle part of the iron 

tube 
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tube red hot, and direCting its lower end under the 
funnel of the pneumatic trough. 


§ 246. 
The inflammable air hereby obtained, is, for rea- 
fons that will foon appear, denominated Hydrogen 
gas. | | 


This kind ofair is the lighteft of all gafes that 
we know of: A Parifian cubic inch of it weighs 
at 10° Reamur, and: 28 inches of the barometer 

0,03539 French grains, and a cubic foot weighs 
61,15 grains. It poflefles a peculiar difagreeable 
fmell; is not refpirable, and extinguifhes a light 
immerfed within it ; but it isinflammable, and may 
be fet on fire by an ignited body, if vital or com- 
mon air find accefs to it. In this manner it burns 
with a flame at the orifice of a bottle, defcending 
_ quicker into the veffel the wider its aperture is. 


Hence if this gas be mixed with about three 
parts of atmofpherical air (by bulk), the inflamma- 
tion caufed at the mouth of the flafk by a lighted. 
candle, fpreads in one moment throughout its whole 
capacity, and a ftrong explofion takes place :—ftill 
ftronger, if one part of oxygen gas be mixed with 
two parts (by meafure) of inflammable air. The 
fafeft way of making this experiment is in a bottle 
of gum-elaftic.—Thefe mixtures may alfa be made 

to 
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to catch fire by an electric fpark: Water does not 
imbibe nor älter hydrogen gas. 


$ 247: 

In the procefs by which this gas is generated 
(§ 245.) the increafe of weight of the rematning 
iron, added to the weight of the obtained inflam- 
-mable air, exaäly correfponds to the weight of 
water which has difappeared. The natural confe- 
quence of this agreement is, that this part of the 
water muft, have been fpent, partly on the altera- 
tion of the iron; partly on the formation of hydro- 
gen gas. The changes which the metal had under- 
gone are exactly the fame with thofe that take 
place when it is burnt in vital dir; hence orygen 
muft be one of the conftituent parts of water, and 
the other is the ponderable bafs of the inflammable 
air, thus produced. | 


By a farther inference, therefore, water muf 
again be generated by combining inflammable air 
with oxygen ; and the fact fupports this conclufion. 
It is on this account, that this bafis of inflammable 
air, being the radical of water, has obtained the 
name of Hydrogen.—Confequently water is a com- 
pound of Hydrogen and Oxygen; and agreeably 
to the laft quoted, and other experiments, confifts 
of 0,15 of the former, and of 0,85 of the latter. ~ 


§ 248 
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§ 248. 


The rationale of the procefs, quoted from § 24 TER 


is then the following. Ina red heat, iron deprives 
water of its oxygen, and is thereby reduced to the 
ftate of an imperfect calx of iron, whilft the hydro- 


gen of the water combines with the caloric, and. 


forms hydrogen gas. 


$ 249. , 
This is confirmed by’a variation in the foregoing 


experiment (§ 245). If inflead of iron, 28 grains — 


(French) of charcoal, well charred and erofsly 
powdered, are introduced into the tube, 524 Pari- 
fian cubic inches of gas will be obtained, not reck- 
oning the atmofpheric air of the veflel ; and after 
the end of the experiment,: the coal will be found 
to have difappeared, leaving only a {mall portion 
of afhes.—The volume of air obtained confifts of 
144 cubic inches of carbonic-acid gas, feparable 
from the mafs by lime-water or cauftic lye, and of 


380 cubic inches of hydrogen gas. The weight of the 


firft is nearly 100 grains; and of the fecond, 13,% 
grains. The water collected in the intermediate 
veffel is 857% grains lefs than the quantity ufed for. 
the experiment. 

As in thıs TAftahice’ 8 bis orains of water difappear, - 
and 100 grains of carbonic acid are formed; and 
farther, as the laft cannot be generated but by the 
j oxygen, 


va 


j \ 


4 ® 
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oxygen, and as 28 parts of carbon require for that 
purpofe 72 parts of oxygen (§ 225), it follows, 
that the 85 4% grains of water loft; muft have trans- 
ferred 72 grains of oxygen to the coal; and that 
the remaining 13 7 grains muft have formed the 
ponderable bafis of the inflammable gas, or muft 
have been the hydrogen, viz. the radical principle 
of water.—All this agrees again pretty nearly with 
the above proportion of 8 a parts of oxygen to 
15 of hydrogen. | | 
$ 250. 

In this experiment, therefore, the carbon, affifted 
by a red heat, robs the water of its oxygen, form- 
ing with it the carbonic acid, which flies off in the 
{tate of carbonic acid gas; while the other radical 
of water, the hydrogen, is fet at liberty, and unit- 
ing with the caloric, efcäpes in the elaftic form, or 


as hydrogen gas. 


Bik 2 Sr 

~The evidence of this conclufion, drawn from 
analytical experiments, is fully completed by fyn- 
thefis, or the Bee of va by a} 
drogen gas.—If with eis inkälktiöh both kinds of 
air, in the proportion of 15 parts of hydrogen— to 
85 of oxygen gas, are fet on fire in a clofe veifel, 
both gafes are deftroyed, and water is again gene- 
rated, amounting to 100 parts by weight. To 
perform this combuftion with proper conveniency, 

WOR | M fome 
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fome particular kinds of apparatus, called sazo- 
meters, have been contrived.—That propofed by 
Mr. Van Marum* is the moft fimple and com- 
modious. 


* The Philofophical Magazine, Vol. Il. for O&tober 1798, 

_ page 85, contains a defcription of it; to which is 

added, a moft beautiful copper-plate engraving, 

executed by the mafterly hand of Mr. Lowry. It is 

much preferable to Lavoifier’s very complicated 
gazometer.—Ed. 


Sa EN 

The theory of combuftion of hydrogen---, ın con- 
jun&ion with oxygen gas,. is, according to the 
tenets of antiphlogiflian philofophers, as follows :— 
When both gafes are mixed at a temperature lower 
than that of ignition, or red heat, the attraction of 
their refpective bafes to the caloric is, in that cafe, - 
ftronger than their attraction to. each other; and,. 
therefore, they are not decompofed. But, in the. 
heat of ignition, their bafes, namely, oxygen and — 
hydrogen, again attract each other more ftrongly ; 
and hence they unite to produce water; and both 
the caloric and light, by which they were retained. 
in the aerial Pee are again difengaged irom them,. 
and, conftitute the fire. 


In the fyftem of the phlogiftians, the bafıs of. er 
gas is rn of phlogifton,and BL 


§ 253. 
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$ 253. 
Tf we eftimate a Parifian cubic foot of water at 
40 pounds (French) and an equal bulk of hydro- 
gen gas at 61 grains, it then follows, from the pre- 
ceding proportion of hydrogen to the oxygen in 
their compound, water, that a cubic foot of water 
contains 10% pounds of hydrogen, capable of afford- : 
ing more than 1569 cubic feet of inflammable air. 


§ 254. 

Water can be decompofed only when placed in 
contact with fuch a body as has an attraction to’ 
its oxygen, and of fuperior force to that with which 
this laft is attra&ted by the hydrogen. For this 
reafon water is not decompofed on its paflage 
through ignited filver, gold, glafs, porcelain, or any 
other an matter, but continues to be 
water. | 


§ 255: 

We are as yet unacquainted with any body ca- 
pable of decompofing water by attracting its hy- 
drogen more ftrongly than it is attracted by the 
oxygen. Nature, however, feems to adopt that 
way in the vegetation of plants, which, expofed to 
the fun’s light, decompofe the water, abforb its hy- 
drogen, and fet free the oxygen, which is extri- 
cated from the leaves in the‘ Pe of oxygen 
gas *. 

M 2 a: Efpecially 
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* Efpecially about noon, when they give it out as pure 

, as that obtained from manganefe. In the night-time 
they imbibe and digeft more carbon, and hence nee 
more carbonic-acid gas.—Edit. 


$ 256. 

In the fequel, we fhall fhew feveral other methods 
of producing hydrogen gas, and become acquainted 
with feveral varieties of this laft; all arifing from 
this circumftance, that the hydrogen finds oppor- 
tunity of diffolving various other fubftandes, as 
fulphur, carbon, and phofphorus, which of courfe 
alter the nature of the hydrogen gas which is ge- 
nerated. 

§ 257. 

Hydrogen is a fimple fubftance, and not pro- 
ducible by itfelf. It enters not only ınto the com- 
pofition of water and hydrogen gas, but is likewife 
a conftituent part of a great variety of other bodies. 
It is one of the ingredients in the mixture of bitu- 
mens, of oils, of fats, of ardent fpirit, and of all 
the proximate conftituent parts of animal and vege- 
table bodies. Hence‘it is that all combuftible fub- 
‚ftances of the two organic kingdoms yield, on com- _ 
buftion, not only carbonic-acıd. ($ 230), but alfo 
water, j 


CHAPTER 


(165.09 
CHAPTER III. 


Of Salts in general. 


Acids.—Alkalis. 
§ 258. 
Ris properties of common, or culinary falt, to 
be foluble in water, and to excite the fenfation of 
tafte, are likewife poffeffed by feveral other bodies, 
which on this account are called /alts (/alia, fales). 
Yet, to diftinguifh them from other bodies, feveral 
earths, for example, not clafled among the falts, we 
are obliged to chara&terize the true falts more dif- 
tin@ly, by faying, that they are matters foluble in 


lefs than 200 times their weight of boiling water, 


and that nS excite a tafte on the tongue. 


§ 259. 

Some falts require more, others leis, of water foı 
folution. Moft of them diffolve in greater quantities 
in boiling than in cold water. Some are fixed in 
the fire, others volatile. Of the laft there are fome 
that by themfelves can never be Isparated from 
water. 


43 8.269. 
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| § 260. 


Solid falts feparate from their diffolvent water 
when its degree of. faturation is diminifhed by cool- 
ing, or by evaporation, in cryftalline figures (§ 37); 
and thefe /alt-cryfials exhibit a great variety of 
forms. 


§ 261 


The cryftallization of falts is effected either by the 


cooling of their folutions that were faturated, or 
nearly faturated, when hot; or by the evaporation 
of their folvent medium. The firft method is not 
applicable to fuch falts, as do not diffolve in hot 
water in far greater quantities than in cold water. 


Particular managements on cryftallizing falts in large 
and {mall quantities. ae hy. 


§ 262, . 
The benefit derived from the cryftallization of 
falts is, that they are obtained in their own. peculiar 
fhapes, whereby they are externally diftinguifhed; 


-that, by this procefs, they part with all thofe im- 


purities which either are infoluble in water, and 
hence are left behind at the folution and. filtration, 
or. do not enter into the cryftals; and, finally, that 
by this. means falts of different natures may be fe- 
parated,. ‚becaufe they fhoot into cryftals at different 
‘times, according to their various degrees of folu- 


bility, 
gos Beit § 263. 
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§ 263. 

Salt-cryftals lofe in heat, and fome of them even 
in dry and warm air, their figure and tranfparency, 
and fall io powder, lofing thereby much of their 
weight. They are then faid to effore/ce; and this 
change of form 1s called efflore/cence. — 


Examples: Cryftals of Glauber’s falt, green vitriol, and 
carbonated or mild mineral alkali. 


§ 264. 

Since efflorefcent cryftals regain their former 
weight and figure by being again diflolved in 
water and cryftallized; and fince, by diftilling falt- 
cryftals, water 1s driven over into the-receiver; this 
laft muft of courfe be one of their conftituent parts, 
and be combined with them in the concrete or folid 
ftate. Such water is, therefore, called water of 
cryfiallization ;. and is in different faline cryftals 
united in larger or fmaller quantities, and in the 
ftate of greater or lefs fixity. — | 


h § 265. 

The fpecies of falts produced by art and nature 
are confiderably: numerous; and remarkable dif- . 
ferences relative to their properties and actions ‘on 
other bodies have been difcovered. Whence it is 
neceflary, for a better view of them, to divide this 
ela/s of bodies into orders, genera, and Jpecies. I 

M4. . > divide 


~ 
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divide them (with regard to their proximate con- 
ftituent parts) into two orders: that of the fimpler, 
and that of the more compound faline fubftances. 
‘The genera of the firft order are: the acids and the 
alkalis. Thofe of the fecond order are: the neu- 
tral falts, the middle falts, the metallic falts. 


The /weet falts (ger ) area Sere belonging to the hrft 
order | 


Acids. are 


§ 266. 


Acids (acida) are falts of a four tafte, changing 
the blue colour of various vegetable pigments toa 
red. 
eh, § 267. 

The blue vegetable ‘pigments are not all, how- 
ever, turned red by acıds..— The /yrup of violets, 
the tincture of litmus, or paper ftained with it, 
and alfo the tournefol-rags, as they are called in 
commerce, are ufed as re-agents (§ 144) to dif- 
cover whether a fubftance be an acid.—The tinc- 
ture of litmus, fo largely diluted with Water as to 
have the appearance of fky-blue, is of all re- agents 
ie molt ea affected by acidity, 


§ 268, 
Some /pecies of acids fhew their effential diftinc- 
tion ‚ftom sach other by ip different nature of their 
actions 
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actions on other bodies. Acids are commonly fub-> 
divided into mineral, vegetable, and animal acids ; 
yet fome acids are common to feveral bodies of one 
or more kingdoms in nature, nis 


x 


In the fequel, we fhall confider the following as effenti- 
pany different RE of acids; 


I. Capbebic ] 11. Succinic _ 3 
2. Sulphuric. 12. Tartareous 

3. Nitric 13. Citric 

4. Muriatic — ‚14. Oxalic 

x Fluoric NEN, Malic — 

6. Boracic 16. Gallic 

7. Phofphoric 17, Benzoic 

8. Of Arfenic 18. Acetic 

9. Maolybdic 19. Saccho-la&ic 

02! Tung fic ‚20. Pruffic 


» 
teat 


To which the Chromic-acid is now to be added.—Hd, 
§ 269. 
All acids are compound fubftances, and confift 
. of an acidifiable fubjtratum or radical, and of ory- 
gen, which is regarded as the acidifying bafs, or 
a en of acidity. 


Exemplified by the phofphoric and carbonic acids. The 
principles of the firft are phofphorus and oxygeng 
thofe of the fecond, radical carbon and oxygen. 


/ : § 270. k 
Acıds may, therefore, be decompofed and. com- 
pounded. The laft takes DIR when an acidifiable | 
a : . radica 
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radical is under combuftion, and abforbs the’ oxy: _ 
gen of vital air, as was the cafe in the burning of 
phofphorus (§ 195. 203), and charcoal (§ 224). 

‘The firft happens when the acid is again deprived 
of its oxygen by another acidifiable fubftance of 
-fuperior affinity with oxygen; and thus the acidifi- 
able bafis, or the radical of that acid, is Bang 
in a Bi ra, Falk 


5 271. 
Some few acıds, however, of thofe that we know | 
at prefent, have not yet been either compofed or de- 
compofed; and hence their radical is ftill un- 
known. | | 
To thefe belong No. 4, 5, and 6, of the foregoing lift 
(§ 200 


Sara. 

Several acids may be compofed by art, but not 
again decompofed. 

§ 273. 

The different acids are diftinguifhed from each 
‘other by the nature and diverfity of their acidifiable 
WERT | 
radicals ($ 269). | 
§ 274. 


The acidifiable bafis of acids i is either /@ mple or a 
compound. | 


Cha] Aid am 


1. To acids having a fmple radical belong, according to 
the antiphlogiftic fyftem, the 


1. Carbonic, whofe radical is Carbon. 
2. Sulphuric - - - Sulphur. 
3. Nitric - - = - Azot. 

4. Phofphoric + - = Phofphorus. 
5. Ac. of Arfenic - - Arfenic. 

6. Tungftic > - - Tung fren. 
7. Molybdic - - - Molybdena. 


2. The acids with compounded radicals are, all thofe men- 
tioned above ($ 268,-note) from No. 11 to No. 19° 
inclufive. Their radical is compofed of carbon and 
hydrogen. The acid, No. 20, has a compound quad- 
ruple bafis, confifting of carbon, bydrogen, phofphorus, 


and azot. 


3. The unknown radical of fome acids (§ 271) is only by © 
conjecture conlidered as fimpke. 


8 275. 
cae whofe radicals are compofed of the fame 
principles (§ 274, note 2) are diflinguifhed from 
each other only by the various proportions of their 
component parts; and may, therefore, by altering 
thofe. PEOpaTHORSy be converted into one and the 
fame acid. 


§ 276. 
The acidifiable bafes are capable of being fa» 
turated with oxygen in various degrees. If the 


faturation be complete, they are called Here acids. 
In the /cientific nomenclature the name of thefe 
| | end 
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_ end in Latin by zeum, in Englifh by ze. But if the 
acidifiable radicals have not taken up as much oxy- 
gen as they poflibly can, they moftly appear‘in a | 
flate of lefs acidity, and go by the appellation of 
" dmperfect acids. Their names are ended in Latin 
by ofum, in Englifh by ous. 


\ Examples: 
Perfe Acids. . Imperfect Acids. 
1. Sulphuric \ 7 Sulphureous - 
2. Nitrie acid. | Nitrous acid. 
3 Phofphoric Phofphoreous 
$ 277- 


It ıs thought by fome, that feveral acidifiable ra- 
dicals admit of being over-faturated with oxygen; 
hence fuch acids have been called oxygenated acids, 
and fometimes /uper-oxygenated. But they are in 
fact nothing more than perfect acids (§ 276); for 
fuch an over-faturation is impoffible, becaufe oxy- 
gen no where exifts in an uncombined “fate alone 


(§ 208). 


Thus, in the methodical nomenclature, the dephhgiffi- 
cated muriatic-acid, as it was formerly called, has ob- 
tained the name of oxygenated muriatic-acid; but it is 
only the perfec muriatic-acid. The common muriatic- 
acid, which till lately has been taken for a perfe& 
marine-acid, muft be confidered merely as an imper feed 
muriatic-acid.— {Note of the author.)—Yet the fame 
terms are made ufe of in this tranflation for reafons 
fated in the preface.—-Edit. SOUR ee 


§ 278 


% 
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8.273. 

If the acidifiable bafis be combined with oxygen, 
yet without fhewing any of the properties of an acid, 
the product is then called oxyd. Many fubftances, 
by the abforption of oxygen, are converted into 
oxyds, but not into acids, of which water ıs a ftrik- 
‚ing inftance. ; 


Alkalıs. 


$.279. 

Alkalis (alcalia) poflefs a pungent, urinous tafte, 
and change various blue vegetable pigments to a 
green; red to a violet, or blue; and yellow to a 
brown. Blue pigments, that have been turned red 
by acids, are again reftored by alkalis to their ori- 
ginal colour; and vice verfa, the actions of alkalis 
on fuch pigments are deftroyed by acids. 


§ 280. 

Not all the blue vegetable pigments, for in- 

ftance not the litmus, are converted into a green, 
by alkalis.-—As tefs, or -re-agenis for alkalis, 
are employed the blue furup of violets; paper flain- 
ed red with a decoction of Fernambuc, or Brafil- 
wood ; or {tained yellow by the tincture of turmeric- 
root; and, -befides, the ézncture of litmus reddened 
by a very weak acid, and alfo the red alkanet-tinc- 
ture. 


"&28r, 
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§ 281. 

'Thefe falts are not found pure in nature, but 
always combined with other fubftances, fuch as the 
carbonic or other acids. It is the bufinefs of art to 
' feparate them from thofe matters. Here we: fpeak 
only of the pure alkalis, which, for their folvent 
power on “the cellular membrane and animal fibre, 
are alfo denominated cauftic alkalis. ‘The means . 
of producing them will be mentioned hereafter. 


§ 282. 
We are acquainted with three Species of alkalis : 
. the vegetable alkali ; 2. the mineral alkali: 


| ae „3. ammoniac. ‘The two "ort aré Comprifed in 
the common appellation of fized alkalis, as they are 
- not diffipated by fire; and the laft is called volatile 
alkalı, from its being eafily raifed by heat. 


37.207: 

1. The-vegetable alkali, or pot-a/h, 1s a white. 
folid falt, cryftallizing in ftrongly truncated four- 
. fided pyramids. When in the cryftalline form it 
diffolves in water, producing a confiderable cold- 
nefs; but after having been dried by fire, or having 
loft its water of cryftallization, it diffolves with pro- 
duction of heat. The dried falt rapidly attracts 
moifture from the atmofphere, and liquifies, or de- 
liquefces; it is alfo eafily fufed in the fire, even at-a_ 
temperature fo low as 360° Farenh. Its folution 
| | Hl 
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in water exhibits an odour liké that of a room 
newly’ white-wafhed with ‘lime. ‘It cannot be vo- 
latilized by fire. In the ftate of fufion it teadily 
diffolves the filiceous earth. | 


PR Vegetable alkaline falt, alkaline caufic- 
ftone, foap-lees (alkali wegetabile, lapis caufticus al-. 


calinus, lixivinm Saponariorum ) 


§ 284. 

_ The vegetable re inated not yet been a 
pofed. It is obtained from the afhes of plants, and 
from feveral other produéts of the vegetable king- 
dom; but in thefe it ıs always united with car- 
bonic-acid. _ | BR EDER 


The tranflator cannot help adding, that the vegetable 
alkali has likewife been difcovered in the /eucite, am 
earth of the: filiceous kind, found near Bolzena, . 

Rome, Naples, on Mount Vefuvius, &c. in Italy: ' 
the firft inftance, indeed, of this alkali being a con- 
flituent part of a fofil. We are indebted for that 
difeovery to Mr. Klaproth’s ingenious and induftrious 
analyfes of the.leucite, who by repeated decompo- 

_fitions found that this mineral confifts, taking a mid- 
dle number in 100 parts, of 54 filex, 24 argil, 2@ 
pot-afh.—Vide .Klaprotb’s Beytrage zur chemifchen Kent- 
nifs der Mineralkoerper, 8vo. Berlin, 1797, vol. I. 
page 39, of which a tranflation is preparing. 


ci 


§. 285. 
2. The mineral alkali, or foda (natrum), with 
regard to the properties above- ihren ahaa fo much 
ae 2, | refembles 
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refembles the vegetable alkali (§ 283), that its effen. 
tial difference from it cannot be fhewn, except by 
its combinations with acids, and by its affinities; 
both different from thofe of the former, and fhew- 
ing this difference in a very ftriking manner, 


”g286. 

Soda, or mineral alkali, has likewife not yet been 
decompofed. It is obtained partly from the afhes 
of fome plants growing on the fhores wafhed by the 
falt-waters of the fea, or the /oda, as thofe afhes are 
ftyled in commerce; partly from neutral falts, met 
with in the mineral kingdom, and in which we find 
it combined with an acid, as for inftance with the 
murlatic, in the common culinary falt. 


§ 287. 

3. Ammoniac (ammoniacum ) is diftinguifhed from 
the former alkalis by a very fharp, irritating, pun- 
gent fmell, and by ıts great volatility. We are not 
able to produce it (pure) in the folid form; but it 
always appears either combined with water, in a 
diquid form (liquid ammoniac), in which ftate it is 
known by the name of caujiic /pirit of ammoniac* ; 
or in the aerial form, and then it is called am- 
moniacal gas. Its compounds are folid only when 
it is.combined with acids. 

Synonyma: Volatile alkali, urinous falt (alcali volatile, 
fal urinofum ).- | 
* The agua amonie fee of the London phar macopeeia. 


$ 288. 
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| — § 288: 


When very ftrong cauftic fpirit of ammoniac is 
tently heated by the fire of a lamp in a retort.of_ 
glafs, placed in communication with the pneumatic 
quickfilver apparatus ( $ 127} the pure ammoniac 
contained in the liquid ammoniac combines with the 
caloric, affumes the aerial form, and parts from the 
water. By this means the ammoniacal gas, or al- 
kaline air, as fome call it, is obtained (§ 237), fhew- 
ing itfelf to be a peculiar fpecies of air. 


| $ 289. 

' The ammoniacal gas is poflefled of a ftrong, pun- 
gent, and almoft fuffocating imell. Like other al- 
' kalıs, it produces changes on vegetable colours 
(§ 274). It is inftantaneoufly decompofed by water, 
‘ which abforbs its bafis; viz. the pure ammoniac, 
and is thereby transformed into cauftic fpirit of am-. 
moniac. It is unfit for refpirdtion, and fpecifically 
lighter than common air; fora Parifian cubic inch 
of this gas at 10° Reaumur, and 28 inch barometer, 
weighs only 0,27488 French grains: It is diffolved 
by the vital, atınofpheric, and azotic gafes; but when 
carbonic acid gas is brought into contact with the 
- ammoniacal, and heated, both gafes lofe their elaftic 
ftate,’ and become a concrete folid fubftance; naime- 
ly, carbonat.of ammoniac *, becaufe in this cafe 
the bafes of the two gates combine with each other, 

VOU a BERN and 


4 a 
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and form a product, which,at the ufual temperature 


and preffure of our atmofphere does not appear in 
the aerial form. 


* The ammonia prepargta of the London pharmacopeia. 


§ 290. 
_ Ammoniac is an inflammable fubftance. HH am: 
moniacal gas be mixed with oxygen gas, the mix- 
ture may be fet on fire, even by the ele&tric fpark. 
Both kinds of air are then decompofed, and the 
produé& of their combuftion is water and azotic 
gas. 

$ 291. 

3 rom this it appears, that ammoniac is a com- 
pound of hydrogen and azot.. According to Mr. 
Berthollet’s experiments, its component parts are 
0,807 of azot, and 0,193 of hydrogen. 


* By the»phlogiftic fyftem, ammoniac confifts of phlogif- 
ton, azot, and hydrogen. 


4 292. 

Such ammoniac as is produced from animal ep 
by dry diftillation (§ 11 5), or by their putrefaction, 
did not pre-exift in them ready formed ; but is only 
generated by thefe procefles, and compofed of the 
hydrogen and azot contained in thofe fubftances. 


Neutral 
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Neutral Salts. 


Ry ae 

Alkalis and acids fhew ftrong attractions for each 
other; and they combine to form together new 
{pecies of bodies, which do not exhibit the pro- 
perties of their conftituent parts; and where both 
the acids and alkalis no longer act; or ferve as 
re-agents, in the capacity of acid or of alkali. The 
product arifing from the combination of an acid 
with an alkali, and where neither the one nor the 
other has any excefs, 1 is called a neutral Salt. 


_ Experiment: By faturating nitric- seit sath pot- ae 


§ 294. 
Each acid produces with each of the three alkalis 
4 particular neutral falt. "The number of the laft 
may therefore be found by multiplying the number 
_ of the acids which we know, by three, the number 
of the alkalis. 


| $ 295: 
The diftin&ive properties of the different neutral 


falts are their tafte, hen folubility, and fixity, 
or volatility. 


N 2 § 296, 
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§ .296. 
All acids have, in every refpect, a nearer affinity 
with the fixed alkalis (§ 282) than with ammoniac; 
and in many cafes they. likewife poffefs a ftronger 


attraction for the vegetable than for the mineral 
alkali. N | 


CHAPTER 


fs dared 


CHAPTER IV. 


Earths. 


§ 297. ne 
E ARTHS (Terre) are ıncombuftible bodies, 
fixed in the fire, and, without fome intervening 
medium, infolubie in 200 parts (by weight) of pane 
water. | 


~§ 208. 

Simple Earths (Terre jimplices) are ‚thofe 
which do not admit of any farther decompofition 
into heterogeneous conftituent parts. In nature 
they are always found united amongft themfelves, 
or with other fubftances. 


3.299: 

We are at prefent acquainted with eight diffe- 
rent fimple ‘earths: 1. The Siliceous ; 2. Calca- 
reous ; 3. Magnefian, or Talcy; 4. Argillaceous, 
or Aluminous; 5. Ponderous, or Barytic ; 6. Stron- 
lian; 7. Circon ; 8. and Auftral Earth. 


The Auftral earth fhould be erafed from this lift 
-§ 349. n. and Glucine added.—Ed. 


\ 


N 3 ‘ Middie 
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an 
Middle Salts. 


$ 300. 

Moft of thefe earths unite with acids in a way 
fimilar to that of alkalis. They deprive them of 
their acidity, and render them incapable of acting 
as acids. ‘Such earths are, the calcareous, magne- 
fian, argillaceous, and ftrontian.. For this property 
they are alfo ftyled alkaline or abforbent earths, and 
the product arifing from their combination with an 
acid is called a middle Salt (fal medium). 


. § ol. 
The middle falts are, as to their external quali- 
ties, very analogous to neutral falts (§ 29 3). They 
are diftinguifhed | from each other as well by the 
difference of their earthy bafis as by that of their 
acid; and each alkaline earth produces with each 
different acid a particular middle falt. Yet fome of 
thefe combinations are of fo difficult a folubility as 
prevents them from being claffed with falts (§ 2 58), 
and affig igns them a place among ftones and earths*, 


_ 


* For inftance : Gypfam, Lime-flone. 


N 302. 

Each of the acids takes up only a certain fixed 
quantity of any alkaline earth. A middle falt, to be 
a true perfect falt of that kind, muft contain no ex- 

ee 
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cefs either of the acıd or of the earth. There are, 
however, fome middle falts, that are employed only 
when they have a redundancy of acıd. 


§ 303. 

The-alkaline earths do not all poffefs an equal 
degree of affinity with acids. Some of them fur- 
pafs, others are in this refpect furpaffed, by the 
alkalis. m) 


Of Siliceous Earth. : Glafs. 


$ 304. 

The filiceous earth (flex), or flint, is the predo- 
minant conftituent part of thofe. earths and ftones, 
called filiceous. It is found in its pureft ftate in 
quartz, quartz-fand, and rock-cryfial. By itfelf it 
is infoluble in water and acids, except the fluoric ; 
it is deftitute of tafte, and infufible. 


335: 

Yet however refractory in the fire the filiceous 
earth may be when alone, it ıs eafily rendered fufible 
by the affiftance of fixed alkalis, pot-afh, or foda. 
Thefe diffolve it in a heat ftrong enough for fufion, 
and unite with it to form a new compound, 
gla/s. 


N,4 $ 306, 


184 Of Earths 3c [Chapa lv: 


eh he Poli 

Whence glaß (vitrum) is a combination of the 
filiceous earth and a fixed alkali. The earth ac- 
quires fufibility from the alkali, and the alkali lofes 
thereby its folubility in acids and in water. The © 
more alkali is added to the compofition, the fofter 
and more fufible becomes the glafs; but at the 
fame time it is rendered lefs capable of refifting the 


“action of water and acids. The goodnefs of glafs 


_ depends on the purity of its ingredients, on their 
‘ juft proportion to each other, and on their being 


long kept very liquid during the fufion. 


$ 307. | | 

Common green gla/s is made by fufing together — 
fand and afhes containing alkali.. For the whiter 
and finer eryfal gla/s, pot-ath, foda, and the purer 
kinds of filiceous earth, quite free from ferruginous — 
matters, are ufed. Some. other additions are ‘at 
times admixed, partly to ferve as fluxes to the filex, 
partly to give a greater denfity to the glafs, and 
partly to deftroy the combuftible matters of the 


ingredients. ‘Thefe additions are various in the 


different glafs-manufactories, fuch as gypfum, 


litharge, nitre, white arfenic, and the black oxyd 


of manganefe, 


. § 308. 
The ingredients deftined for the compofition of, 
elafs by melting are previoufly well comminuted 
| a and: 
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and mingled.—This mafs, called frit, is firft, by 
continued agitation, thoroughly ignited and calcined 
in the calcining furnace, for the purpofe of driving 
off the. carbonic acid gas, which otherwife would 
caufe {mall cavities, or air-bubbles in the body of 
the glafs. The gla/s pots or veflels made of baked 
and refractory clay, are then filled with the calcined 
| frit, {landing in the gla/s-furnace on an elevated 
‘flooring, called the bench, in fuch a manner that 
they may be come at by the glafs--maker by means 
of holes, or apertures, in the furnace. The frit is 
here melted by the fire, and its fufion kept up until 
the whole is well incorporated,. and flows in a fufh- 
ciently thin ftate as an homogeneous mafs, called 
gla/s- metal, and until, on Kiel, no more bubbles 
appear. The extraneous falts that are contained in 
the pot-afh, and are not vitrified by the fufion, but — 
float above the metal, are carefully taken off with a 
ladle, and | have received the name of uf: gall (fel 
vr! > NR. | 


The tate poet. thus well purified from foreign 
matters, and'in full fufion, is formed: into veffels of 
the requifite fhape, by blowing and other'manual 
treatment, and alfo fometimes by being caft in 
moulds. To diminifh the brittlenefs of glafs thus 
‘manufactured, it is again heated in we cooling 
furnace, and then gradually fuffered to cool; which. 
Is called tempering or annealing. 
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| Suse 

If metallic calces be melted with glafs they tinge 
it of various colours:—Thus the common green 
glais acquires its tinge chiefly from the particles of 
iron, interfperfed in the fand and afhes made ufe of. 
To this fubjedt belong the gla/s-pafies, as they are 
denominated, and, the artificial gems. Their chief 
fubftance is a pure, hard, cryfal-gla/s, coloured 
. by metallic 'oxyds. The addition of calx of lead 
renders the glafs more fufible. When oxyd of tin 
is added, sit becomes thereby more or lefs opake. 
To thefe glafs-paftes the enamel likewife belongs, 
wherewith metals are covered, and which is either 
tranfparent or opake, white or coloured; and alfo 
the pigments ufed in porcelain or enamel-painting. 


| A recipe for eryftal-glaß.— Take one ounce of pure quartz, 
make it red hot in a crucible, quench it afterwards 
in water, and repeat this until it be fufficiently foft to 
admit of being triturated. Levigate it then finely, 
and mingle it accurately with half an ounce of pure 
‚ falt of tartar, three-drachms of calcined borax, one 
drachm and a half of flake white, and a feruple of | 
nitre.—Put this powder into an affaying crucible, 
luted, and gradually heated. When the frit-has been 
for one hour in fufion, let it cool by degrees, break 
the crucible, and take off the clear glafs. 


- 


S.4BL0% 


The more alkali is added to the fit, the more 
readily the glafs flows, but fo much the lefs will ıt 
ile 4 refift 
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“ refift the aétion of acids and water, and the influence 
of the atmofphere. Nay, by an over proportion of 
alkali the nature of glafs may be fo changed as to 
be totally foluble in water, and even to deliquefce 
in the air. | 


§ 311. 

' ‘When, therefore, one part of quartz-fand$ and 
four parts of purified pot-afhes are melted, in 
an iron pot placed before the bellows, till the 
whole mafs flows uniformly and thinly, a glnfs is 
_ obtained which excites a fharp and cauftic fen- 
fation on the tongue; is completely diffolved by 
water, and deliquefces by the mere moifture of the 
atmofphere. Tlie mafs of glafs thus deliquated. in 
the air, and diffolved in water, is ftyled Uguor of 
flints (Liquor filicum). 


§ 312. 

Every acid precipitates the filiceous earth from 
the liquor of flints (§ 311); and the precipitate 
has the appearance of a jelly, as long as it continues 
moift. If the liquor of flints be diluted with a 
great quantity of water, as for inftance, in the pro- 
portion of 24 parts to one of the vitreous matter, 
and in this ftate an acid be poured upon it, no 
perceptible precipitate will fubfide, but the filiceous 
earth continues fufpended in the fluid, and is in- 
vifible on account of its tranfparency. It may be 

made to appear by evaporating part of the water, 
| The 
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The liquor of flints, on account of its affinity with 
the carbonic acid, is alfo, in courfe of time, de- 
compofed by mere contact with air. 


Of Calcareous E arth. 


DREI S 

Calcareous earth (Calx), or lime, ıs in nature 
never met with pure, but always combined with an 
acid, and very frequently with the carbonic, as in 
chalk, common lime-ftone, marble, and calcareous 
fpar; hence the carbonat of lime is ufually called 
crude calcarcous earth. Since the carbonic acid — 
may be feparated from it by ignition, this becomes a 
means to exhibit the calcareous earth in its pure 
flate. | | ee 

‚8314 

For this purpofe an earthen retort is filled with 
clean powdered «marble, or other pure lime-ftone, 
and being firft joined with the pneumatic appara- 
tus, it is heated by degrees till the whole mafs is’ 
-red-hot.—A quantity of carbonic acid: gas is’ dif= 
engaged. The fire muft be: kept up till ‘no more 
gas comes over. - The remainder of the calcareous’ 
earthiin the retort ‚is now remarkably altered ; it 
eifervefces no longer with acids on folution, as it did) 
before ; and it has an acrid, burning,’ alkaline tdfte, 
which it did not poffefs. before ignition. In this 
{tate itis called burnt, or quick‘ lime (calz viva, ufla). 


§ 315. 


> . 
. - 
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| § 315. | 

This quick-lime is to be looked upon as pure 
calcareous earth; now freed by burning from the 
carbonic acid and water, with which it was naturally 
united: Burnt-lime produces a ftrong heat with 
the water by which it is flacked; it imbibes and 
fixes it very firmly; on adding more water it is at 
laft compleatly diffolved, but requires 680 times its 
weight for folution. This folution is called lime- 
water (aqua calcis vive), poffeffes a pungent 
alkaline tafte, and acts on vegetable pigments. 
(§ 279) like an alkali. 


SIN ca a BETEN oe 

Lime-water remains unchanged in well-clofed 
veffels ; but when expofed to open air, it is covered 
with a thin pellicle, called cream of lime, which on 
becoming thicker breaks and falls to the bottom, 
making room for another new crutt, till at laft all 
the ne 18 feparated. 


Aig gia fo 
guste cream, formed on the furface of lime- -water, 
is again a ‘crude calcareous earth ; i..e. a carbonat 
“of lime, of no tafte, infoluble in water, and again 
-effervefcing with acids. The caufe of the alterations 
undergone by lıme-water expofed to air, originates 
from the carbonic-acid of the atmofphere, ‚which is 
| powerfully attracted by the ‘pure a of the lime- 
| water, 
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water, and whereby the earth | is reduced to its 
former ftate of crade lime. 


§ 318: 

The fame changes take place with quick-lime 
itfelf when in contaé with common air. It 
gradually attraéts not only fixed ait, but alfo 
moifture from the atmofphere; and being thereby 
gradually flacked, it falls to eae and ae its 
fharpnefs. 


3 $ 319: 

Calcareous earth is infufible withaut addition, 
even in the ftrongeft fire: Added to glafs-frit it 
may be melted, and yields with it a milk-white, 
pellucid glafs. | 
| $ 320. 

The nature of mortar, or pafte of lime, fand, and 
water, whofe hardening is a fpecies of cryftallization, 
depends on the abforption of water by quick-lime, 
which not only imbibes, but alfo fixes, or tranf- 
forms it into water of cryftallization. A well-pro- 
portioned addition of fand increafes the firmnefs of 
the mortar by adhefion to the calcareous earth. The 
mortar, to be of good quality, ought to be made 
of lime properly burnt, which after flacking has 
been carefully excluded from the accefs of air, and 
prevented from drying, before it be worked up with 
fand. It is only by a thorough drying, after the 
abforption of carbonic-acid, that mortar acquires 

its 
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its hardnefs. Before drying it is greatly injured by 
froft. | | 


Magnefia, or Talcum. 


- MCCA 
The magnefian-earth (magnefia)* is a. confti- 
tuent part of talc, foap-rock, fteatites, ferpentine, 
afbeftus, &c. and is never found pure in nature. 
It exifts befides, neutralized, in the Epfom or bitter 
falt, in the mother-lye of moft brine-fprings, and 
tn fea-water. 


* (Terra muriatica, magnefia falis Epfomienfis). The au- 
thor, as the reft of Germans, at prefent, calls ir, 


§ 322. 


The ufual method of procuring pure magnefian- 
earth is to precipitate it by means of pot-ath from 
Epfom falt, wherein it is combined with the ful- 
phuric-acid into a middle falt, and is thrown down 
by the alkali as a carbonat of talc, or aerafed mag- 


mefia. 


To effect this any portion, at pleafure, of Epfom 
falt is diffolved, by boiling in a large quantity of 
clean water, and to the ftrained folution a lixivium 
of purified pot-afh is fucceffively added, till no more 
precipitate is afforded. The next ftep is, to boil 


bbe 
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the whole mafs, and to let its fluid parts run through 
a linen-cloth fewed in a conical form (the manica 
Hippocratis of former chemifts). The earth re- 
maining behind in the cloth is once more boiled 
with much clear water, and returned on the filter. 
After which it is freed, by edulcoration (§ 13), 
from all adhering faline particles, and laftly dried. 


Magnefian-earth thus obtained is ftill combined 
with carbonic-acid, taken up from the alkali, and 
which is expelled by ignition in a covered crucible. 
It is now called burnt or calcined magnefia (mag- 
nefa ufta); and in this ftate only, when no longer 
effervefcing with acids, it may be conftlered as pure 
magnefian-earth. 


SET Ae 

Burnt magnefia is neither cauftic nor acrid, like 
burnt calcareous earth (§ 314); it is neither foluble 
‘in water, nor becomes hot when added to it. It 
abforbs again the carbonic-acid gradually from the 
atmofphere, and is thereby again rendered effer- 
vefcent;with acıds. By alkalis it is not diffolved in 
the humid way. When alone it does not melt in 
common fire. Mingled with filiceous and calcare- 
ous earths, it melts in a {trong heat. 


Of 
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Of Alumine, or Argillaceous- Earth. 


$ 324. 
Argillaceous earth, or alumine (argilla), isa - 
component part of argil and every fpecies of clay; 
but ought not to be confounded with the clay it- 
felf, in which it is always united to filiceous-earth. 
Hitherto it has not been found pure any where, ex- 
cept in the gardens of the Pedagogium (public 
{chools) at Halle. 


‘Synenyma: Aluminous-earth (terra aluminis) ; pure argil, 
pure clay (argilla pura). 


7 325. 

Though argillaceous-earth may be diffufed, fut 
ER or divided in water into uncommonly fine 
particles, it is, however, not foluble in it. With 
a {mall quantity of water it forms a tenacious, 
- ductile, kneadable pafte, which fhrinks very much 
by drying, and proportionally in all its dimenfions ; 
and when fuddenly brought into ftrong fire, before 
it is completely dry, it cracks, burfts, and flies in 
pieces. If, after being thoroughly dried, it be 
baked in the fire, it contracts a great deal, and re- 
ceives by burning fuch a degree of hardnefs as to 
ftrike_ fire with fteel. Clay, when baked, however 

‘VOL. I, 25 sia finely 
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finely pulverized, is no longer capable of being, 
~ kneaded with water into a dudtile pafte. 
§ 326. 

With carbonic-acid the aluminous-earth has no 
affinity. One of its moft chara&teriftic properties iss 
_ that it is diffolved by alkalis in the humid way, and: 
conftitutes with them feveral compounds, which 
again are decompofed by acids, though fome of 
them only ın part. — : | 


To thefe belong 
1. Argillaceous pot-afe; | 
2. Argillaceous foda; 
3. Argillaceous ammoniac. 


‚8 327- 
- Alumine poflefles a powerful attraction to calca+ 
reous-earth, fo much fo, that it deprives lime-water | 
of it entirely, if, when ‘recently precipitated and 
pure, it be mingled and agitated with it. 


§ 328. 
The moft intenfe heat of a furnace is not able 
to melt argillaceous-earth alone; but it becomes fu- - 
fible when lime is added. 


UR 
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\ 


Use of Clay for Pottery-Ware. 


~ § 329. 

Clay is indebted to the argil which it contains for 
fome of its principal characters, fuch as its foftnefs 
and greafy feel, its ductility or clamminefs on be- 
ing worked up with water, its fhrinking and con- 
traction while drying and baking. It is always 
united with filiceous-earth, which, even without 
exception, is its predominating conftituent part. 
‚Pure clay confifts only of argillaceous and filiceous- 
earth; it is fatter in proportion as it contains more 
of the firft, and poorer or more meager according 
as the filex abounds. By itfelf it 1s not fufible in 
fire, does not effervefce with acids, and turns com- 
pletely white by burning. Lime, magnefia, gyp- 
fum, fparry fluor, and ponderous fpar, promote its 

fufion. 

| $ 330. 

Clay is commonly mingled with more or lef 
of calcareous, filiceous, ferruginous, and alfo fine 
bituminous particles; and for this reafon all forts 
of clay are not infufible and colourlefs. The yel- 
low or red colour, after baking, always proves the 
prefence of iron. Clay may be purified from fand 
and grofler filiceous parts by elutriation ($ 12). 


' What is the .caufe of the odour of fome fpecies of “Ay 
on breathing upon them? 


Q 2 § 331. 
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8331. 

In common life clay is ufed for a variety of pur- 
‚pofes, according to its greater or lefs purity; and, 
what depends on this, according to its colour and 
" capacity; or incapacity of fufion. fat oie 


§ 332. 

The bafer forts of clay, efpecially the coloured, 
ones, are employed for making tiles and bricks. 
With this view the clay is wrought with water, in- 
terfperfed and mingled with fand, fhaped in moulds, 
dried in the air, and burnt either in particular brick 
kilns, or in fuch as are united with lime-kilns. In 
bricks that are commonly fold this great defect oc- 
curs, that they are manufactured of clay containing 
too much calcareous-earth; which, therefore, melts 
‘in the fire. For this reafon thefe bricks are but 
flightly burnt; whence they do not refift moifture 
and the decay produced by the influence of air. ~~ 


SELL 

The common fire-proof, or refractory clay, is 
ufed in the manufa&tures of common potlery. After 
havıng undergone the proper preparations by wafh- 
ing, and kneading with water to a due confiftence. 
and finenefs, it is formed on ‚the wheel into veflels, 
which, after being gradually dried in the fhade, are 
coated with oxyds of lead, as litharge} on fuch 
parts as are intended to be’ glazed, and finally baked 


cot Moe 
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in the potter’s furnace-or kiln; where, at the fame 
time, the calces of lead melt to a glafs, which 
covers the furface of the veffel like a varnıfh. The 
common fault found with fuch goods is their not 
having been fufficiently burnt. 


Of glazing with lead in regard to health; and its 
remedy. 


§ 334- 

Good refractory clay, with an addition of fand, 
is likewife the material for melting-veffels (§ 10%). 
Pure, uncoloured clay, which is not tog meager, 1S. 
employed for making FARES SBME 


§ 335. 

Such pottery-ware as is manufactured of purer 
and finer clay, and coated with better glazing, is 
what is termed fayence, or /purious porcelain. For 
this manufaéture the clay is firft properly prepared 
by wafhing and kneading. The veffels formed of it. 
are then fully dried in the air, and firft flightly 
burnt, to be afterwards coated with the glazing 
powder. This laft is done by dipping the veflels 
into water, which holds the finely-pulverized glaz- 
ing ‘materials diffufed; the veflels, when withdrawn, 
imbibe the water, and the glazing materials remain 
uniformly fixed on their furface. When again com- 
pletely dry, they are placed in earthen /aggars 
(cafettes), or covered pots, and once more expofed 

ie iQ 
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to a heat fufficiently ftrong to flux the fufible parts 
of the glazing ingredients; while, at the fame time, _ 
the clay-veflel under them is burnt to hardnefs. The 
glazing of pottery, owing to its calx of tin, 1s not 
tran{parent. 


The ufual compofition for glazing: ı part of quartz-fand, 
4, parts of pot-afh, 2 parts of calx of lead, and 1 ta 
13 part of calx of tin. | | 


$ 336. 

~The genuine fone-ware, or flone-porcelain, is 
_compofed of that kind of clay which in a ftrong 
fire, either by ıts own nature, or by virtue of fome 
additions, gently fhrinks, but without abfolutely 
melting. The furface of thofe wares is glazed by 
volatilizing, in the white heat of the furnace, a 
certain quantity of common falt, the vapours of 
which produce a kind of glazing on the furface 
of the clay. The /aggars in which this manufac- 
ture is burnt are perforated. Jf the clay be too fat, 
or contains too much argil to make it fit for ftone- 
ware, it is correéted by adding powdered flint, or 
fometimes marle, fluor-fpar, or chalk. A great‘ 
deal of what is at prefent fold for porcelain, is no- 
thing but ftone-ware. It is eafy to difcern thefe 
two fpecies by their fracture. The bottles intended 
for holding Seltzer-water are true ftone-ware, though 
of an inferior kind, 


§ 337: 
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By genuine, or true porcelain, fuch pottery-ware 
- 4s underftood as is infufible in the ftrongeft fire 
excited in furnaces, is hard, but not fo brittle as 
glafs; proof againft any fudden and great changes 
of heat and cold; finely grained, denfe, and with- 
out glofs en the fracture, not glafly, and of a pecu- 
fiar tranfparency, | 


/ 


§ 338. 

~ Several compofitions ‘of mingled earths may yield 
a true porcelain by being burnt; and the porcelains 
of various countries differ really in their mixtures. 
But the principal bafis of any true porcelain 1s that 
kind of clay which becomes white by baking, and 
which, either by intermingled heterogeneous-earths, 
or by particular additions, undergoes in the fire an 
incipient vitrifaction, in which the true nature of 
porcelain confifts. Feld-fpar and gypfum, if added, 
may give that property to infufible clay. 


$ 339: 

When porcelain is to be made, the clay 1 is pro- 
perly felected, carefully elutriated, and again dried. 
It is then finely fifted, and moft accurately mingled 
with quartz, ground very fine; to which there is 
befides added fome burnt and finely pulverized 
gypfum. ‘This mafsis worked with water fo a pafte, 
and duly kneaded; it is ufually fuffered to lie in 
this ftate for years; and is, -befides, wetted with 
certain (perhaps quite unnecefläty) corrofives, that 

| 0.4 are 
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are kept fecret. The veffels and other goods formed 
of this mafs are firft moderately burnt in earthen 
pots to receive a certain degree of compactnefs, and 
_ to be ready for glazing.—This glazing confifts of an 
eafily melting mixture of fome fpecies of earths, as 
the petrofilex or chert, fragments of porcelain, and 


gypfum, which, when fufed together, produce a 


cryftalline, or vitreous mafs, that after cooling is 
very finely ground, and fufpended in a fufficient 
quantity of water. Into this fluid the tough ware 
is dipped, by which the glazing matter is depofited 
uniformly on every part of its furface. After dry- 
ing, each article is placed in a feparate cafette, and 
thoroughly baked or burnt in the violent heat of 
the porcelain-furnace.—It is ufual to decorate por-- 
celain by paintings; for which purpofe enamels or 
paftes, coloured by metallic oxyds (§ 309), are 
ufed, fo eafy of fufion as to run in a heat lefs 
intone than chat in which . the glazing of the ware 
melts, 
§ 340. | 
To the above the porcelain invented by Reaumur 
is analogous, which may be made of glafs by a kind 
of devitrifaction ; that 1s, by depriving it in part 
of its vitreous qualities. For when glafs, beft of 
all hard and green glafs, is put into a veflel, and 
covered all over with burnt gypfum, or fand, or 
lixiviated afhes, or calcined and pulverized bones, 
or lime me and I in | this fituation expofed to fire, in- 
creafing 
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creafing its vehemence gradually till the glafs be 
thoroughly ignited, firft for a fufficient time in red- 
heat, and at laft in white-heat; it will-then be 
found converted into a fpecies of porcelain. mg 


* Thefe bodies are in this cafe called cementing Jub- 
-flances, not to be confounded with the PER 
powders (§ 82).—Edit. 


$i. 341 
_. ‘Fo explain the caufe of the formation of this 
© porcelain, we muft recollect that glafs is a com- 
pound of fixed alkali and filiceous earth (§ 306, 
feq.) When, therefore, in the above procefs (§ 340) 
the red-heat is long continued, part of the alkali 
melted by heat exfudes, and the remaining part is 
.incapable of effeCting a total vitrification of the — 
. filiceous-earth in the glafs ufed for the experiment. — 
Hence the glafs is compelled to affume the flate 
of porcelain, or femi-vitrification. The cementing 
fubftances are, in this cafe, of no other fervice than 
. that of preferving the figure of the body intended 
to be devitrified. | 


Ponderous Earth, or BARYTES. 


8342. 

- Ponderous or heavy earth (barytes) * is always 
found. in combination with acids; as with the ful- 
PU (ponderous par), or with the carbonic 

| (witherite), 


te 
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(witherite). To procure it pure, art muft be em- 


ER 
. * Terra ponierof oficin. 


§ 343- 


- For ehe purpofe one part of white and pure 
ponderous fpar, reduced to a fubtile powder, is ac- 
curately blended with three parts of falt of tartar, 
and together with this addition kept in a covered, 
crucible for forne hours in a red-heat. After the 
concrete mafs has grown cold, it is pulverized, and 
boiled in diftilled water, till the filtered lye abfo- 
lutely ceafes to give any faline tafte. The earth re- 
maining in the filter is then diffolyed in muriatic- 
acid, and fuffered to cryftallize. The tabular cryf- 
tals are felected and diffolved in diftilled‘ water, and 
precipitated fram the folution by means of pure 
carbonated alkali; whereupon the precipitated earth 
is properly edylcorated. It is now pure ponderous 
earth, combined only with carbonic-acid, of which 
it may be freed by continued ignition. 


The beft method of obtaining ponderous earth in its 
utmoft purity feems to be that of Vauguelin and - 
‚Fourcroy, in: the Annales de Chimie, Tome XXI. page 
276, by decompofing nitrat of barytes ($ 489) by 
the action of fire. Nicholfon has given a tranflation | 
of that method in his excellent Journal of Natural 
Philofophy, Chemie and the Arts, Yol. I. page 535: 
—Kdit, 


3.344 
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8344. . 3 

This pure and burnt barytes is not fufible by it- 
felf. Water diffolves it in but very {mall quantity ; 
one part of the earth requiring 900 parts of water 
to be diffolved *. The folution is’ pungent to the | 
tafte, and acts as an alkaline fubftance on vegetable 
colours. By expofure to the air it is rendered tur- 
bid, becaufe the ponderous earth attraéts the car- 
bonic-acid, and 1 is rendered thereby infoluble. 


* Yet, neh prepared in the manner of Vauquelin ($ pre- 
ceding, note,) it abforbs water with extreme ayidity, 
melts with a hifing noife, heats confiderably, folidi- 
fies the water, and forms compages like beaten plafter. 
Cold water diffolves one twenty-fifth part of its 
weight; boiling water more than half. —Edit. 


| [ 
~_ Strontian-Earth. 


| § 345. | x 
The Strontian-earth exiftsin a foffil, which, from 

its native place Ströntian, ın Scotland, has obtained 
the name Strontianite, and in which this earth is 
combined with carbonic-acid. But it is likewife 
one of the conftituent. parts of ponderous par, 
. from which it may be feparated, if the fluid muriat 
of barytes, made for obtaining this earth according 
to § 343, be farther cryftallized after the firft cryftals 
in the fhape of tables, which are the cryftallized 
muriat of barytes, have fhot, and been removed. 
fie th | / bor = Bor 
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For then new cryftals, needle-fhaped and radıated, 
will be formed; and thefe are the muriat of Stron- 
tian-earth. From this folution in muriatic-acıd the 
Strontian-earth may be precipitated . by aérated or 
carbonated alkali, 


§ 346. 


The natural carbonat of Strontian-earth does nae 
part with its carbonic-acid even in a very ftrong 
calcining fire but with exceffive difficulty. If this 
acid be artificially combined with it, it may be more 
eafıly. feparated. This Strontian-earth, when pure, 
and confequently deprived of carbonic-acid, pof- 
fefles a corrofive or cauftic tafte. It is foluble in 
a large quantity of boiling water, viz. in 250 times 
its weight; but it requires more of cold water to be 
diffolved. The folution taftes like ftrong lime- 
water, and lofes its clearnefs in the air by attracting 
from it carbonic-acid.. The faturated folution of 
Strontian-earth made in boiling water, if, after fil- 
tration, it be immediately and carefully preferved in 
a glafs-bottle, fhoots into clear, pellucid cryftals, of 
a rhomboidal form and cauftic tafte; which, how- 
ever, lofe their tranfparency on expofure to air. . 


‚8.347: 
Strontian-earth is, without addition, infufible even 
an the moft violent fire; but in a crucible made of 
clay, it.melts with theargil, forming with it a glafs. 


Circon~ 
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prey aun Circon-Earth, 

: $348. | | 
The Circon-earth (circonia) was dılcovered by 
Mr. Klaproth firft in the circon (jargon of Ceylon), 
and afterwards in the hyacinth, as a predominant 
principle and a peculiar fpecies of earth. It is not 
foluble in water. Acids diffolve it; yet with the. 
carbonic it has no affinity. By cauftic alkalis it is 
not diffolved in the humid way; it does not melt 
by itfelf, nor with fixed alkalis; yet with borax it 
melts, and 3 is converted into glafs. 


A Be nr 


§ 349. 

“ The Auftral-earth (Cambria Ir was are rh 
the late Mr. Wedgwood in a kind of earth from New 
South-Wales. It is infoluble in water, in cauftic 
lye, and in acids, with exception of the concen- 
trated muratic-acid, affifted by heat. Simple water 
precipitates it again from this folution. Without 
- addition, the ftrongeft fire will not fufe it. 3 


R Terra Sydneia Auftralis are other, appellations for this 
earth. Itisat prefent no longer confidered as a dif- 
ferent fpecies of earth, fince Mr. Klaproth has by his 
analyfis found that it is not fo. Mr. Charles Hatchet 
has alfo examined two fpecimens, received from Sir 
Fofeph Banks, Prefident of the Royal Society; and 
the refult of his ingenious refearches is, that sbis 
earth bas not the properties announced by Wedgwsod, but 
contains much filex with alumine, carbonat of iron, and a 


Small 


\ 
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Small portion of water, or volatile matter, but nb other fub- 
fance. His: paper on this head is inferted in the 
Philofophical Tranfaétions for the year 1798, and 
“alfo in Nicholfon’s Fournal, Vol. II. Page 72 
Tranflator. oe liga h 


Clucine- Bar ih. 


To the above ‘earth glucine is at prefent added. 
It is white, infipid, infoluble in water, but foluble in 
moft of acids, and likewife i in fixed alkalis; adhefive 
to the tongue, infufible per fe, but with borax fufible 
into a tranfparent glafs.—The following are faid to 
be its fpecific characters : 1. Its falts are faccharine; 
2. it is very foluble in the fulphuric-acid by excels; 
3. it decompofes the aluminous falts; 4. is foluble 
in carbonat of ammoniac; 5. is completely precipi- 
tated from its folutions by ammoniac; 6. and its , 
affinity for the wu 15 ‘intermediate between mag 
nefia and alumine. | ie 


Ny none of the ina earths unite the laft- mentioned fix 
properties, ‘auquelin confiders it as a diftin@ earth. He 
difcovered it on analyfing the beryl, and called it earth 
‚of beryl, of which it conftitutes 16 parts in 100. He 
alfo found it in the emerald of Peru. It has fince been 
called glucine, from the Greek word yAvuus ({weet), on 
account of "its ‘molt characteriftic property of forming 
' faccharine falts. Future experiments muft thew whe- 
«ther this fabftance may maintain its place among the 
oo earths asa diting fpecies.—See Annales de Chimie 
_ XXVIIL. pageis5 and 170 feq.; or Nichalfon’s Fournal, 

Nol. II p. 358 and 393.—Edit. 


a 


CHAPTER. 


CHAPTER V. 
Mineral ete ad their Combina- 
tions with Alkali and Earths. 


ae 
Carbonic Acid. 


§ 350. 
WE have already (§ 227) become acquainted with 
the carbonic acid, as the bafis of carbonic acid gas. 
‘This acid is always in the aérial ftate, at any tem- 
perature and at any preflure- of the atmofphere 
which we know of, and cannot be produced, or ex- 
hibited by itfelf in a denfe, concentrated, fluid ftate. 


Dr. Black, of Edinburgh, in the year 1755, firft noviged: 
this air in crude lime. Macdride, in 1764, and Facguin 
confirmed it, by new experiments. Bes. fet the 
matter in the fulleft light, and Bergman, in 1772, de- 
monftrated that this gas was of an acid nature, and 
called it aerial acid.—Ed. 


$ 351. 
Ehe aériform carbonic acid is procured, in the 
eafieft way, by diffolving chalk or marble in di- 
luted fulphuric acid; and the procefs is performed 


in a difengaging bottle (128) placed in conjunction. 
with the pneumatic apparatus. 


§ 352. 


% 
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§ 352- 

Fixed air, or carbonic acid gas, is abforbed by 
cold water ; that is to fay, cold water deprives the 
caloric of its bafis (§ 227), and confequently de- 
compofes the carbonic acid gas. Water imbibes, at 
the temperature of 50° Fahr. about am equal volume 
of this gas. This kind of folution is promoted by 
- fhaking. By warmth and heat the attraction of car- 
bonic acid for caloric is made ftronger than for 
water; and hence the acid is again extricated from 
the water, in the form of bubbles. Carbonated 
water pa or water impregnated with fixed air, there- 
fore lofes, by boiling, all its carbonic acid ; which, 
__befides, is feparated from it by freezing, or by the 
action. of the air-pump. | R 


& 


* Alfo called aerated water (agua aérata). 


| § 355. ° 

The fournefs or acidity of carbonic acid, in water 
faturated with it, is but weak; and the acid fhews 
its prefence by turning the blue tin&ture of litmus 
red. The acidulous mineral waters, as that of Eger, 
Seltz, Pyrmont, &c. are natural folutions of car- 
bonic acid in water; which, by virtue of this acid, 
hold. fome other matters in folution, which could 
not be diflolved by j van water. Lis 


Artificial Sechadetian of agrned re Waters. 


§ 354- 
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Ki; $ 354. 

Carbonic acid combines with alkalis bis earths 
‘to form neutral and middle falts called carbonats, or 
carbonated falts; whofe diftinguifhing charadters are, 
‘to effervefce with thofe acids which are poffeffed of 
‘greater affinity with alkalis than carbonic acid. 
Alkalis neutralized by carbonic acid have alfo been 
called mild, in contradiftinction to pure or cauftic 
alkalis. | | 

§ 355 

It is on account of this ftronger attraction to car- 
bonic acid, that this gas is more rapidly decompofed 
by alkalis and alkaline earths than by fimple water 
(§ 352). If therefore cauftic lye, or lime-water, be 
poured into a glafs containing this gas, and the 
veflel be corked and well fhaken, a vacuum im- 
mediately takes place. In this way it is eafy to fa- 
turate cauftic lye with carbonic acid, and ftill more 
commodioufly by the apparatus of Pelletier *. 

* Neues Journal der Phyfik, Vol. I. page 265. (Publifhed 
by the author).—Welther has defcribed an apparatus 
for faturating pot-afh and foda with carbonic acid. 
The intention of this apparatus is to afford an unin- 
terrupted contact between the alkali and carbonic-acid 
gas, and to proportion the difengagement of the gas 
to its fixation.—Welther’s paper has been given tranf-, 
lated from the Annales de Chimie XXVU. p. 53. in 
Nicholfon’s Journal, Vol. Il. p. 369.—Ed. 


§ 355. 
1. Carbonat of Potafh, or the mild elie 


alkali, cryftallizes in four-fided oblique oplumns, 
WOLLE | P terminated 
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terminated by two furfaces obliquely truncated. 
The cryftals do not deliquefce, or decay in air. 
‘Their tafte is alkaline, but not cauftic. They ftill » 
act on vegetable pigments as if they were mere 
alkali. Water diffolves at 50° Farenh. 2 of its own 
weight of them, but in heat 2. The cryftals of this 
{alt contain, according to Pelletier, 0,40 parts of 
pure vegetable alkali, 0,43 of carbonic acid, and 
0,17 of water. | 
Synonyma: Aerated vegetable alkali (alkali wegetabik 


atratym). 


$ 357- 

Common pot-afh (eineres clavellati) or mild ve- 
getable alkali, obtained by lixiviation from the 
afhes of plants, is already by nature combined with 
catbonic acid, becaufe that acid is produced i in the 
combuftion of plants ($ 230); and for that reafon 
it effervefces with acids. Pearl-afhes, or depurated 


pot-afh (erneres clavellati depurati), and falt of | 


tartar (fal tartari), are only in part carbonats ; and 
hence are deliquefcent_in the air, foil of tartar, 
oleam tartari per-deligurum As and, befides, of a more. 
acrid tafte. : 


$ 358. 

Our atmofphere is always impregnated with & 
portion of carbonic acid gas; hence a lixivium or 
lye of pot-afh is, by long expofure to air, converted 
into a carbonat, and becomes cryftallizable. 


$ 359 
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§ 359-, 

By heat, the carbonat of pot- -afh is deprived of its 
earbonic acid, and water of cryftallization. . Never- 
thelefs it is difficult totally to difcharge the alkali 
of that acid by a mere redcheat : Sieh ow 


§ 360. 

2. The carbonat of foda, or the mild el 
alkali, forms cryftals.of four-fided columns, having 
their ends, in oppofite directions, obliquely truncated. 
By this, all the lateral furfaces of the column are 
pentagons. According to Bergman’s -ftatement, 
they contain 0,20 of mineral alkali, 0,16 of carbonic 
acid, and 0,64 of water; they efllorefee in dry and 
warm air, or fall to a white powder; they excite an | 
_alkaline tafte on the tongue; are re-agents with 

vegetable colours; and require, at the temperature 
aa 50° Farenh. 2;4 parts of water for folution, ‚but 
fcarcely an equal quantity of it when boiling —The 
properties of this neutral falt, when expofed to fire, 
are like thofe of the laft § 359. | 


Synonyma : Salt of foda: (fal nd; aérated mineral alkali 


(alkali minerale atratum). 


§ 361. 
“The carbonat of foda (narron, Trona of the 
Egyptians) * is found ready formed by nature in . 
P 2 various 


~ 
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various countries: in upper Hungary, a, Fezzan, 
Perfia, the Eaft Indies, Siberia, and efpecially at 
the bottom of /alt-/eas, dried up by the fun’s heat ; 
and alfo in forne mineral waters, as in that of Eger 
on the frontiers of Bohemia. It is, befides, obtained 
by lixiviation from oda, or the athes of various 
Plants growing on the fea-fhore and impregnated 
with falt. | 


By the word zatron, the ancients probably underftood the 
fame fubftance; and this name of zatron preparatum, 
procured from the lye of the Barilla, is given to it iz 

| ge Lond. Pharmac,—Edit. 


§ 362. 

According to Bergman, the carbonic acid has not 
fo near an affinity with the mineral as with the ve- 
getable alkali. | 

§ 363. 

When ammoniacal ($ 287) and carbonic He gas 
‘are mixed over mercury, in the pneumatic ap- 
‘paratus, both gafes quit their elaftic ftate, and their 
bafes unite into a concrete falt, the carbonat of 
ammoniac; while at the fame time their fixed ca- 
loric is fet free. If very ftrong liquid. ammoniac. 
(§ 287) be poured into a bottle filled with carbonic . 
acid gas, and afterwards ftopped up, a carbonat of 
ammoniac will be formed, fhooting into cryftals, and 
the gas difappears. . 


Synonyma 3 
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: Synonyma: Aérated volatile alkali (alkali volatile atratum), 
volatile falt of ammoniac (/al wolatile falis ammoniaci). 

The London College of Phyficians orders this falt to be 
prepared by depriving muriat of ammoniac of its 
marine acid by chalk ; which in the procefs exchanges 
for it its carbonic acid. It calls the product, ammonig 
preparata.—Edit, 


§ 364. 

The cryftalline figure of carbonated ammoniac is 
net well decided: Rome de Lifle aflerts it to be 
a four-fided, compreffed, truncated column, termi 
nated by a dihedral fummit. Thefe cryftals have a 
frong, pungent tafte and odour ; vegetable colours 
are affeCted by them; and they contain, as appears 
by Bergman’s analyfis, 0,43 ammoniac, 0,45 car- 
onic acid, and 0,12 of water. This falt is volatile 
in heat ; yet without being decompofed. 


x § 365. | 
* Ammoniac has not fo ftrong an attraction for care . 
bonic acid, as the two fixed alkalis have. 


§ 366, 


The carbonic acid gas is no lefs decompofed by 
Time-water than by cauftic alkalis, fince the carbonic 
acid combines with calcareous earth. And becaufe 
the carbonat of lime ariing from this combination 
is infoluble in water, the lime- water mutt, of courfe, 
be: thereby rendered turbid (§ 317.) 


v3 $ 367. 
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"4. This carbonated calcareous earth, known like- 
wife by the name of crude calcareous earth (calz 
eruda) abounds in nature, in the various forms of 
chalk, lime-Itöne, marble, calcareous fpar, &c. It is 
devoid of tafte, and infoluble in water. It is therefore 
beyond the power of art to exhibit it in the cryftal- 
line form, as is often done by nature: The com- 
ponent principles of the tranfparent calcareous {par 
are faid by Bergman to be 0,54 calcareous earth, 
0,36 carbonic acid, and 0,10: of water. 


Synonyma: Aérated calcareous earth, or aérated lime 
(calx aérata), mild calcareous earth. 


. § 368. 


Carhonai ae lime may become foluble in pate 
by an excefs of carbonic acid ; as alfo for this reafon, 

water impregnated with fixed air diffolves the cal- 
- careous carbonat. . This folution .is: again decom- 
pofed by boiling; as the fuperabundant ie 
acid is caufed, by heat, to fly off in the form of gas 
(§ 352).—-On this ground depends the Rion. Qf; 
calcareous fediments or incruftations on the bottom. 
and around the infide of veflels, wherein water hold- 
ing calcareous particles is often boiled. 


§ 369. 

The carbonat of lime’ in a continued red-heat, 
parts with its carbonic acid, and is thus converted 
into burnt or quick-lime (§ 314). 
le § 37° 
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3104 
The carbonic acid has a greater affinity with cal- 
careous earth than with alkalis; and hence the latter 
are deprived of their carbonic acid by lime. For 
this reafon a turbidnefs direétly takes place in clear 
lime-water, when mild, or carbonated alkali is 


added. 


§ yee 
Upon this principle refts the preparation of cauftic 
alkaline lyes, and of cauftic alkali. For this purpofe, 
one part of depurated pot-afh is boiled with two 
parts of lime recently burnt, and previoufly flaked in 
a fufficient quantity of water, and the hot lye is 
‘ftrained through a white linen cloth. This lye fhould 
not effervefce with acids, or caufe a cloudinefs in 
clear lime-water,~ otherwife it ftill contains a portion 
of carbonic acid.—As a general rule, the proportion 
of burnt lime to the alkali ought to be regulated by 
the greater or lefs portion $ fixed air contained in 
the alkalı. | 


The vegetable alkali thus rendered cauftic is the kali 

_ purum of the London College of Phyficians, to diftin- 
guifh it from common potafh (§ 357), or the dali im- 
purum, which, befides, if in moft cafes contaminated 
with vitriolated tartar.—Edit, 


| $ 372. | 
Cauftic alkalı precipitates the carbonat of lime, 
diffolved in water impregnated with carbonic acid ; 
BEP 4 Sb 
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but the precipitate is what it was before the fo- 

lution ($ 367), carbonat of lime, or crude calcareous 

earth. | | | 
§ 373. 

C The carbonated talc or magnefia has an oie 
appearance, is taftelefs, and fcarcely, if at all, foluble 
in water. It is procured by the method ftated 
above (§ 322), viz. by precipitating a folution of. 
Epfom-falt by means of a carbonated fixed alkalı. 
On being burnt, it lofes its carbonic acid ($ 322), 
like calcareous earth. 


Synonyma:. Aérated talc, or aérated magnefian earth . 
(magnefia aérata) magnefia alba cfc. 


| § 374. 

By an over-proportion of carbonic acid, the car- 
bonat of magnefia acquires a greater degree of folu- 
bility in water. When fuffered to evaporate flowly 
and imperceptibly, this middle falt feparates from its 
folution in cryftals of hexagonal prifms, with hexa- 
gonal pyrarnidal terminations, pellucid and tafte- 
lefs, and efflorefcing in a warm air. Their ingre- 
dients, according to Fourcroy, are 0,25 water, 0,25 ‘ 
earth of talc, and.0,50 of carbonic acid. At a mo- 
derate temperature, water diffolves no more of them 
than a of its weight, Zr 


| ranma | ae | § 375: 
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§ 375- 

The fixed alkalıs, and calcareous earth, exert a 
ftronger attraction for the carbonic acid than is 
fhewn by magnefia. But vice ver/a, the attra@ive 
power of ammoniac for that acid is weaker than that 
-of magnefia. 


ay 376 

7 Carbonated bonderous earth, which may be_ 
obtained by precipitating it from its folution in 
oxygenated muriatic acid, by the carbonat of pot- 
ath (§ 343), is earthy, hardly foluble jn water, and 
without tafte. It is likewife found ready formed 
by nature (Witherite, from Dr. Withering, who firft 
analyzed it. Philof. Tranfact. Vol, LXXIV). It 
is only with extreme difficulty that carbonat of 
barytes is deprived of its carbonic acid by fire alone. 
That which is combined by art 1s eafier deprived of 
it. An excefs of acid renders it more foluble in 
water. » | 


Synonyma: Aérated ponderous earth (hag atrata, terra 
ick acrata). 


$ 377- | 

The carbonic acid poflefles a greater affinity with 
barytes than with alkalis, - ssaicargous earth, and 
magnefia. 

| §.378:,- 

Carbonated Strontian-earth has an earthy texture, 

is not at all diffolved by'watery and is deftitute of 
| tafte. 
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tafte. This middle falt is likewife procured by fo- 

Jution and precipitation. The folvent employed is 
oxygenated muriatic acid, and the precipitant is 
mild vegetable alkalı.. It is found native (Stron- 
tianite (§ 345) in granite rocks ; and according to 
Klaproth, it has for its conftituent parts 0,695 
Strontian-earth, 0,300 carbonic acid, and 0,005 
water. Like the natural carbonat of barytes, ı in a 
calcining fire, it parts but with difficulty with its 
carbonic acid; yet from an artificial combination of 
thefe two fubftances, the acid may be feparated phy 
‚ deßs difficulty. 


io .$ 379. 

‘The Seo Harnett feems to have .a nearer 
affinity. with carbonic acid than the alkalis, lime — 
and magnefia. Gi | 

| § 380. 

The carbonic acid does not combine with alumine 
or argilläceous earth, with the /iliceous, eircon, and 
aufral earths. * 


* This laft falls off, of courfe. Vide note to § 349 


& 381." | 
If we had a fubftance poffefling a ftronger affinity 
"with oxygen than that which carbon has with this 
acidifying principle, we fhould then be enabled to 
decompofe, by means of that fubftance, the carbonic 
acid, and to educe from it, or exhibit feparately, the 
carbonic 
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carbonic radical. For the prefent, we know no 
{uch fubftance.» Yet Mr. Tennant and Dr. Pearfon 
have fo far fucceeded, as to decompofe the carbonic 
acid by means of double afhnity ($ 50). For that 
purpofe they ‘expofed phofphorus with carbonat of 
lime, or with carbonat of foda, in a glafs tube, to 
a ftrong red-heat.. The refult- was, that carbon was 
formed; and, befides, phofphatiof lime, or phofphat 
of foda. The experiment deferves‘ well to be far- 
ther examined. 
§ 382. | 

ons a fuch a thing in nature as imperfect car- 
bonic acıd, or oxyd of car bon 2* I fufpect its ex- 
iftence i in the venous blood of warm-blooded ani- 


os mals. 


* Charcoal feems to be fuch an yt in the opinion of 
Guyton. See note to § 1163.-—Ed, 


3 aati Br | Sulphur: 

ar | § 383. 
he is a fimple, inflammable, acidifiable fub- - 

ftance, of a yellow colour, infoluble in water, with- 


out odour, except by fri€tion, or on being heated, — 
and:of a peculiar, faint tafte. 


$ 384. 
‚All the brimftone, or fulphur, of commerce, is 
| the product of nature, and merely feparated by art 
from other extraneous matters: Befides, that now 
“and then pure native fulphur (/ulphur nativum 
virgineum) is found, it is frequently met with 
| 5 | er combined 
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combined with metallic fubftänces that -are mi- 
neralized by it; more efpecially in pyrites (pyrite), 
from which it is extra&ted by a. particular kind of 
fufion or diftillation. By another method it is alfo 
obtained, as an acceflory product, on the roafting 
of other minerals, in which it:is an ingredient: 
Sulphur, whatever way procured, is caft into rolls 
for fale, and then called roll- onmgone (Julphur 
commune, citrinum). 


§ 38s. 

Sulphur, when heated, becomes firft foft before 
st melts, and its fufion commences at 224° Farenh. 
At this degree of heat, and fomewhat higher, it 
begins to rife in vapours, which readily kindle, as = 
may be eafily perceived in the dark. When melted 
fulphur, in maffes of not too fmall a fize, cools 
undifturbed, it readily eryftallizes in the fhape of 
thin needles. Native brimftone is moftly found 
ip octahedral cryftals, though with fome varlations 
of, figure, 


§ 380. 


Tn the beginning of fufion fulphur is very fluid ; 
but, by continuing the heat, it grows tougher, and 
of a red-brown colour; in which ftate it has: al- 
ready taken up a portion of oxygen, and pafles 
with it into the flate of beginning. oxygenation 
foxyd of fulphur). If, in this condition, it be 
poured into water, it remains as foft as wax, and 
! | yields 


ChapV.) - >. Sulphur.” SS | 


yields to any impreffion. In time it hardens 
again, and recovers its former confiftence and 
colour. 
£587, | 

If, to prevent inflammation, melted fulphur is 
debarred from the accefs of external air, it fublimes 
in vapours, adhering to the veflel in the form of 
flender needles, which have obtained the name of 
flowers of fulphur (flores fulphuris). But they 
are feldom quite free from fulphuric acid, which 
has been generated in the fubliming-veflel by the 
decompofition of vital air. 


§ 388. 


If melted fulphur be expofed in open air to an 
increafed heat, it takes fire, is entirely confumed, 
and burns with a flame, and an acid, fuffocating 
vapour. The fulphur is by this combuftion changed 
to an acid. If the heat by which burning ful- 
phur is confumed be only weak, its flame is blue, 
and the acid then generated is imperfe& (§ 276), 
very volatile, and’ aériform. This zmperfect ful- 
phuric acid we fhall prefently examine more clofely 
under the name of fulphureous acid. But if the 
- heat be ftronger, the flame of the fulphur is white 
"and lively, and a perfect Sulphuric i in the va- 
Rn ftate, is formed. Bp 


oe Sa sl 
5 § 359. 
rem awstien A a th. 
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meet § 389. 
Put fome threads, previoufly dipped in brime 

— ftone, into a capfule, or {mall fhallow veffel made — 
of tin, and placed in a cup floating on water; fet 
fire to the threads, and cover the whole with an in- 
verted glais-bell filled with vital air. A part of the 
fulphur only will be burnt; the oxygen gas will be 
decompofed, and the water will rife in the bell. The 
oxygen gas, though abfolutely pure, is not, how- 
ever, all decompofed; KO by the vapours of 
the acid, and the fulphureous gas thus generated, 

the fulphur is extinguifhed before it can be totally 
confumed. The water that has rifen in the bell is 
now four, and reddens the tin@ture of litmus in the 
moment of contact. It is; however, impregnated 
with imperfeet, as well as perfect, fulphuric-acid: 
(§ 388); the former of which, if expofed to air, is, 
after fome time, transformed into the latter. 


OF the Spiritus fulphuris one campanam. 


| § 390. 

According to Berthollet, 69 parts of falphur ab- 
forb on combuftion 31 parts of oxygen, and form 
with it too parts of concentrated fulphuric acid; 
that is to fay, as free from water as its. nature will 
allow. « This ftatement, however, is not quite,un- 
queftionable. It appears from this, that the ful- 
phuric acid is compofed of fulphur and oxygen. 
The firft takes up the latter from the vital air dur- 
Mil, Shae i ta ‚ıng 
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ing the heat of inflammation; thus decompofes the 
oxygen gas, and difengages its caloric. 


 Sulphuric- Acid. 


| § 391. 

The /ulphuric-acid, which is alfo called vitriolic- 
acid (acidum vitrioli), is likewife frequently ob- 
tained, in great quantities, by the combuftion of 
fulphur. In this way it is principally prepared in 
England; for which purpofe peculiar apartments, 
with their infides lined all over with lead, are con- 
ftructed, in order to inclofe the burning fulphur. 
But becaufe the fulphur would in that fituation be 
foon extinguifhed, and never burn with due viva- 
city, about the eighth part of its weight of nitre is 
mingled with it to fupply the vital air, without 
which no combuftion can exift (§ 196).—Both the 
water at the bottom of the chamber, and alfo the 
‘aqueous vapours conveyed into it, imbibe the ful- 
phuric-acid as it forms.—The weak or diluted acid 
thus obtained is collected and concentrated, by eva- 
porating the fuperfluous water in glafs-veffels. 


§ 392. | 
Sulphuric acid, concentrated in this manner, ‚is 
fold under the name of oil of vitriol (oleam vi- 
trioli) *, and particularly with the appellation 
Englifh, to diftinguith it from another fpecies that _ 


15 
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is called Saxon oil of vitriol, or of Nordhaufen, and 
which is obtained from green vitriol by diftillation. 
Every kind of concentrated fulphuric acid, formerly 
found in commerce, was prepared in this laft me- 
thod; and it is on this account that the fulphuric- 
acid is generally called vitriolic-acid. 
' *® The unduous and oleagineous appearance. exhibited 
by this acid, and the little noife which it makes when 
poured from one veffel into another, together with its 


produdion from vitriol, have been affigned, for the 
canfe of the denomination, oJ of vitriol—EKdit. 


| $ 393. 

The vitriol itfelf, from which fulphuric acid is 
ftill occafionally extracted, is a metallic falt, com- 
pofed of calx of iron and fulphuric acid, with or 
without calx-of copper; it has a green colour, 
forms rhomboidal cryftals, and excites an aftrin- 
gent, bitter tafte. It is commonly named green 
vitriol, or copperas, though i in its pure {tate it con« 
- tains no copper. 


- The fulphuric acid of this, as well as every other 
kind of vitriol, derives its origin from fulphur, fince 
this vitriol 1s obtained from pyrites, a combina- 
tion of fulphur and tron, at times interfperfed with 
copper. This pyrites, efpecially when roafting, de- 
compofes, even at a moderate warmth, the oxygen 
gas of the atmofphere. For its fulphur abforbs 
ayes from the atmofphere, and is converted into 

ful- 


€ 
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fulphuric-acid; while the iron, on the other hand, 
likewife takes up part of the oxygen, is thereby 
oxyded, and unites with the fulphuric-acid, to form 
with it the metallic falt, vitriol. The pyrites lofes 


by this procefs its hardnefs and metallic fplendour; 


it is reduced to a pulverulent ftate, and now ex- 


_ hibits a harfh tafte. The vitriol is laftly procured 


from it, ready for ufe, by lixiviation with water and 
cryftallization. | 
§ 394. 

This vitriol, or fulphat of iron, is feparated by 
heat from its fulphurié acid. But as in the cryftal- 
line ftate ıt contains a large quantity of water of 
eryftallization ($ 239), this laft would greatly 


weaken the acid to be obtained by. diftillation, and 


the operation would unneceflarily be prolonged. ' 
The water is, for this reafon, firft expelled by roaft- 
ing the vitriol in tron-pots till its colour is red; 
which when done, it is diftilled from large earthen. 
and coated retorts by a reverberatory fire (§ 59). 
Strongly concentrated fulphuric-acid (partly in 
fmoke-grey vapours, partly in drops) pafles then 
over into the receivers, which are fitted and well 
luted ($ 122) to the retort. 


$ 395. 

Oil of vitriol is a very ftrong acid; it burns and 
corrodes the fkin.. When pure, ıt has neither co- 
Jour nor {mell, but is very apt to turn more or 
VOL. t Q ap lefs 
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lefs brown, and of a fulphureous odour, .by com- 
«buftible, animal, and vegetable matters, as is ufually 

the cafe with what ts fold in the fhops. Its fpe- 

cific gravity 1s from 1,800 to 2,000. It is of con- 
' fiderable fixity in fire, and requires a ftrong heat for 
ebullition. On account of this property a weaker 
oil of vitriol may be made ftronger, by evaporat- 
ing part of its water. Notwithftanding this, the 
ftrongeft N acıd always contains fome 
water. 


$ 396. 


Sulphuric-acid procured from vitriol, or the 
Saxor oil of vitriol, emits whitifh grey vapours, 


which is not the cafe with the Baal prepared by 
burning fulphur. 


If the firft be fubje&ted to a gentle fand-heat, 


in a retort of glafs having a very dry recipient — 


luted on, a ftrong white fmoke comes over, and 
is there, efpecially in froft, concentrated to a con- 
crete gloffy fubftance, which adheres to the veffel 
in a ftar-hke or radiated figure; fmokes exceed- 
ingly much in a warm air; produces great heat with 
water, forming with it diluted fulphuric-acid; at- 
tracts the moifture of the atmofphere; and liquefies, 
becoming thereby common fulphuric-acid. What 
remains of the oil of vitriol in the retort has now 
loft its fuming qualities; and on this volatile fub- 


{Lance esp shits the property of the Saxon oil of — 


vitriol} 


a“ 
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vitriol to congeal in a moderate cold to a cryftalline 
mals, (glacial oil of vitriol). | 


By evaporäting that volatile matter the oil of © 
vitriol is deprived of this property; and pure white 
filphuric-acid does not freeze, ünlefs in a confider- 
able cold. The volatile fubftance juft mentioned is, 
according to late experiments, a combination of. 
concentrated fulphuric with fulphureous-acid; which 
laft we fhall’ farther make an object of our en- 
quiries. ee 

| $ 397. 

Sulphuric-acid has a ftrong ‘tendency to unite 
with water, and it attracts moifture from the air. 
Smoking oil of vitriol lofes, for this reafon, its fum- 
ing property, as well as its icy or glacial appear-. 
ance. The fulphuric-acid produces, on being mixed 
with water, an inftantaneous and very great heat; 
and for this reafon, when it is to be diluted, it 
fhould be dropped little by little into the water, 
and not the water poured upon the acid. The 
fulphuric-acid thus weakened is called in the fhops 
Spirit of vitriol. 
§ 398. | 

Oil of vitriol, as it is fold, is not entirely pure 
fulphuric-acid. Though by boiling in open veffels 
it may be freed from its brown colour, and thereby 
made whiter; however, this ıs by no means conıpe- 
tent to purify it completely, but it requires to be 

| Q 2 rectified 
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rectified (§ 115). This rectification, in fmall quan- 
tities of about half a pound, is performed in the. 
beft way in {mall glafs-retorts, placed in the crucible 
or fand-bath (§ 63). ‘The heat applied in this cafe 
muft.be moderate and well regulated; and. ee Te- 
ceivers are joined without any lute. 


§ 399: 
With alkalis and earths the fulphuric-acid affords 
fome peculiar combinations of the neutral and mid- 
dle faline kind, called fılphats. Of which, 


1. The fislphat of pot-afh, or fulphated vegetable 
alkali, fhoots into {mall cryftals, which in their re- 
gular ftate are a fix-fided column, or prifm with 
fix-fided pyramidal terminations. Yet commonly 
it forms only a cohering lump or cruft of falt, on 
whofe furface the polyedral ends of the cryftals pro- 
tuberate. This neutral: falt is of a bitterith tafte, 
of difficult folubility in water, and requires for fo- 
lution, at a moderate temperature, 12 parts by 
weight, and of boiling water 4,120. parts. Ac 
cording to Bergman’s analyfis, it contains in the 
cryftalline ftate 0,40 of concentrated fulpburic-acid, 
0,52 of vegetable alkali, and 0,08 of water of cryf- 
tallızation. _ The cryftals are permanent in the air. 
By mere heat, without contact with coal, the ful- 
phuric-acid cannot be feparated from them. BE 
melts only in a white heat. 


Synonyma. + 


# 
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Synonyma: Vitrislated tartar (tartarus witriolatus) ; fal 
de duobus, arcanum duplicatum, fal polychrefum Glaferi ; 
kali witriolatum of the London college. 


§ 400. 

The fulphat of pot-afh, in commerce, is not pre- 
pared by dire& combination of its two principles; ° 
but is moftly obtained accidentally, as on the de- 
compofition of faltpetre by fulphuric-acid, and the 
like; and fometimes alfo on decompofing fulphat 
of iron, or vitriol, by means of pot-afh. This 
neutral falt is but feldom found ready formed by 
nature. It is, indeed, frequently an ingredient in 
the afhes of various plants, and hence met with in 
pot-afhes; but it does not follow from this, that it 
had pre-exifted as fuch in the plant, 


§ 401, 

_ The vegetable alkali may be over-charged with 
fulphuric-acid, if that acid be diftilled upon it with 
a continued heat fo as to render the alkali red-hot 
and completely dry. 


§ 402, 


2. The fulphat of foda, or fulphated mineral al- 
kali, forms large, well- fhaped, tranfparent, flattened. 
cryftals, of fix-fided columns, with ftriated furfaces, 
and fix-fided pyramidal terminations. It excites a 
cooling, bitterith fenfation on the tongue; is very 
foluble in water, requiring, at a moderate- tem- 

48 if perature, _ 
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perature, hardly three times, and of boiling water 
hardly its own weight, for folution. Thefe cryftals 
efflorefce in warm dry air, falling to a white powder; 
and, ‘when in a perfect ftate, contain, as Bergman 
ftates, 0,15 of mineral alkali, 0,27 of fulphuyric- 
acid, and 0,58 of concrete water. This laft caufes 
- them to melt in heat; but after the water has gone 
off in vapours, a white heat is required to fufe the 
falt in the ftriG fenfe. Nor is heat alone fufficient 
to expel from it the fulphuric-acid. 


| Synonyma : Glauber! s falt (fal mirabile Glauberi Nr natror 
witriolatum of the London college. 


§ 403. 

We certainly find this neutral {alt in the foffil 
kingdom formed by nature; fuch, however, as is 
fold, is the product of art, and is either obtained 
from the crufty fediment of fach brine-fprings as 
contain Epfom-falt, by lixiviating that matter, and 
cryftallizing the filtered lixivium in a freezing cold; 
or it is obtained in great laboratories as a profitable 
refufe matter, after the preparation of other falts, 


§ 404. 

Soda, or mineral alkah, has with the fulphuric- 
acid an affinity inferior to that of pot-afh; hence 
the fulphat of foda is decompofed by the latter m 
the humid way. 


# | $ 405 
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$ 405. 

3. The fulphat of ammoniac, or fulphated volatile 
alkali, likewife cryflallizes in comprefied fix-fided 
prifms; with fix-fided, more or lefs regular, pyramidal 
terminations. Its tafte is of the bitterifh, acrid 
kind; it eafily diffolves in water; and, in the cryf- 
talline ftate, it is faid by Kirwan to be compofed 
of 0,40 of ammoniac, 0,42. of fulphuric*acid, and 
0,18 of water. Thefe cryftals do not decay in air. 
By heat this neutral falt is decompofed. It has 
been found native in the neighbourhood of fome 
volcanos. | 


Synonyma: Glauber’s jecret falt of ammoniac (fal am- 
moniacum fecretum Glauberi\; vitriolic falt ammoniac 
( fal ammoniacum vitriolatum, vitriolum ammoniacale ). 


§ 406. 


Sulphat of ammoniac is decompofed by ath the 
fixed alkalis, foda and pot-afh, thefe Be “a 
ftronger attraetion for the nt acid, 


me 407. 

4: The combination of fulphuric-acid with lime 
is of very difficult folubility, fo much fo, that if the 
_acid be not largely diluted with water, all the dif- 
_folved mafs is directly thrown down again as a 
white precipitate. This fulphat of lime is of the 
fame nature with »ative gypfum, or plafer of 
Paris. Art cannot produce it in fuch cryftalljne 

Q4 forms, 
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forms, and with that tranfparency as nature fre- 


quently prefents it to our view in the /elenitic spar 
( es /becularis, glacies BERNER 


Synonyma: : Gypfum, peas calx-vitriolata, 


$ 408. 

Sulphat‘of lime, to be diffolved, requires As 
470 parts of boiling water; and this very difficult 
folubility is the caufe why chemifts are unable to 
exhibit their artificial’ fulphat of lime in fo large 
and beautiful cryftals, as are frequently prefented by 
the natural felenitic-fpar. This laft, when eryftal- 
lized, contains, after Bergman, 0,32 of calcareous 
earth, 0,46 of fulphuric-acid, and 0,22 of water of 
cryftallization. | 

$ 409. 

If gypfum be burnt, its water is driven cut, and 
“it is then called burnt gypfum. In this ftate it im- 
bibes water, and completely cryftallizes with it ; and 
on this property depends the ufe of burnt gypfum 
for a fpecies of mortar, called plafter-mortar, and 
in fiucco-works. | Aa 

§ 410. 

Heat alone is not fufficient to expel the fiiphistie: 
acid from gypfum; yet, when expofed to a white 
heat in a crucible made of clay, this fulphat of 
lime melts at laft, and vitrifies. Sir 


§ 411. 
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§ 411. 


The Baar -acid is not fo ftrongly attra&ted by 
alkalis as by calcareous-earth. Sulphat of lime may, 
indeed, be decompofed by carbonated alkalis but 
tule is effected oe double affinity. 


5 412, 
5. Magnefian-earth is eafily diffolved by üb 
 phuric-acid, and affords with it, though but mo- 
derately diluted with water, a clear folution. By 
this property it is eafily diftinguifhed from cal- 
~ careous-earth ($ 407), The /ulphat of magnefa, 
or bitter falt (fal amarum), taftes bitter, cryftal- 
lizes in regular four-fided columns, whole ends are - 
obliquely truncated, but whofe furfaces are not 
ftriated. In time, and by warmth, its cryftals give 
_ out their water, and efflorefce. Their conftituent 
parts are 0,19 of magnefian-earth, 0,33 of ful- 
phuric-acid, and 0,48 of water, as Bergman afferts. 
‘Yo effe&t their folution, at 50° Farenh. about twice 
their weight of water, but of boiling water only 

3 are neceflary. 


Synonyma : Epsom falt; vitriolated magnefia. | 


§ 413. 

The fulphuric-acid cannot be he from 
Epfom-falt, or fulphat of magnefia, by fimple ap- 
| plication of heat; yet this middle falt is decom- 
| pofed 
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pofed by the fixed alkalis, as well as by lime-water, 
by whofe ftronger affinity with fulphuric-acid this 
laft is feparated from magnefia, From the fulphat 
of foda this falt is readily diftinguifhed by the tur- 
bidnefs which it caufes if one of its cryftals be dif- 
folved in lime-water. _ Ammoniac decompofes but 
a {mall part of Epfom-falt; there rather arifes from 
their mixture a triple falt (Magnefa in ah 
Sulphurica), 
§ 414. 

The fulphat of magnefia is found native in fe- 
veral places, partly as a concrete faline efllorefcence, 
partly diffolved in mineral waters, as ın bitter Jaline- 
fprings, and fometimes in other falt-fprings, from 
the mother-water of which it is extracted with pro- 
fit. Much of the bitter-falt of commerce is, how- 
ever, the product of art. = 


415 
When concentrated fulphuric- acid is poured upon 
magnefia recently burnt, it produces with it do 
ftrong a heat, that in a dark place it 1s perceived 
to throw out fparks. 
Confult § 174, note 8. 


§ 416. 
6. The refult of the combination of fulphuric- 
acid with pure argil ($ 324) is alum, or /ulphat of 
alumine (alumen). This middle falt has a fweetly- 
auftere and aftrıngent tafte; it forms odtahedral 
eryftals, of which feveral are bundled together in 
: groups, 
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groups, in fuch a manner as to reprefent a notched 
or indented column. It is not very foluble in cold 
water, and requires more than 18 parts of ittobe _ 
‘diffolved; of boiling water not quite two parts are 
neceflary. Alum, perfectly pure and in the cryftal- 
line form, contains, according to Bergman, 0,18 
of alumine or pure argil, 0,38 of fulphuric-acid, 
and 0,44 of water. The cryftals do not eafily decay 
in the air. 
Synonyma: Vitriolated angil. 


| § 417. 

Alum, when on the fire, melts in its own water 
of eryftallization. While this laft is evaporating, 
the fluid alum gets tougher; froths and fwells up 
exceedingly; and, when completely dry, it affords 
a loofe white and very friable mafs, called burné 
alum (alumen ufum). By a red-heat, part of 
the fulphuric acid may be driven out of the alum, 
‘but not the whole. | 


§ 418. 
 Sulphat of alumine is a middle falt over-loaded 
with acid; and for this reafon it not only reddens 
the tincture of litmus, but alfo takes up more argil, 
if an aqueous folution of that falt be boiled upon 
clay newly precipitated. The fulphat of alumine is 
then completely faturated, and conftitutes a falt 
(the gla/s-felenite of Baumé) almoft infoluble, of | 
hardly any tafte, and exhibiting cubic cryftals. 


§ 419. 


Rn 
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$ 419. 
. The.more fulphuric-acid is added to alum, the 
efs it is capable of cryftallizing. 
h § 420. 

Alum is certainly found ready formed in fome 
mineral waters, in .coal-mines, and in the lavas of — 
volcanos; yet the greateft part of what is fold is 

made by art. 2 : 


The moft ufual foffils from which it is obtained 
in large quantities are the aluminous fhifi, which 
do not contain this falt ready formed, but are a 
kind of bituminous argillaceous flate, interfperfed 
with pyrites. By the decay of this laft only, the 
fulphuric-acid is formed, which unites with the 
> argil to form alum, and with the calx of iron to 
form vitriol, If the argillaceous fhifti are impreg- 
nated with much bitumen, they are farft torrefied as 
but, if otherwife, they are fimply left to moulder in 
the air, and afterwards are lixiviated, when this de- 
cay has reached the due degree, Such of the, raw 
lixivia as, by. its faline contents, is thought worth 
boiling, is evaporated in leaden pans; and then, by 
cooling and agitation in wooden gifterns, caufed to 
precipitate in {mall cryftals. 


That part which remains of it, or the mother- 
water, is mixed with frefh lixivium, and again 
ea | eva- 
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evaporated and cryftallized as ioe ‘But as the 
aluminous lixivium always contains fome green 
vitriol, and as, befides, by the very treatment of 
the lye, the iron is completely oxyded, and hence 
decompofed, there is in this procefs always an over- 
plus of fulphuric-acid generated, which is unne- 
ceflary to faturate the alum, and which prevents ıt 
from fhooting into cryftals ($ 419). To remedy | 
this inconvenience, the infpiffated lye is combined 
with muriat of pot-afh, called /oap-maker’s flux; 
‘ whereby the redundant fulphuric-acid, which pre- 
vents cryftallization, is taken off, and combines with 
the vegetable alkali to fülphat of pot-afh; which 
laft does not cryftallize feparately, but enters inte 
the cryftals of alum. 


For this reafon the alum of commerce is a triple 
falt, confifting of- fulphuric-acid, argil, and pot- 
afh. In nroit cafes it is alfo contaminated with 
iron. The pulverulent cryflals that are obtained 
by the firft refrigeration and agitation of the alu- 
minous lye are ftyled flour of alum; and, being 
firft purified by wafhing, made to form larger cryf- 
tals by a fubfequent folution, and a gradual tran- 
quil cooling. 

§ 421. 

With the argillaceous fhifti the 77 dero-pyritous- 
clay agrees fo far, that alum is likewife generated 
by the mouldering of its pyritous part, and ex- 
tracted from it in the fame manner as from the 

alu- 
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aluminous. fhifti (§ 420). The aluminous-rock,.. - 
from which, at La Tolfa near Civita-vecchia, the 
Roman alum, or-rock-alum, is obtained, is a ful- 
_ phurated clay, whofe fulphur, by roafting and fub- 
fequent. decay in the air, is firft converted into ful- 
phuric-acid; and this laft uniting with the argil, 
forms the fulphat of alumine, which, by lixiviation 
and cryftallization, is afterwards feparated from ex- 
' traneous matters. The cryftals of this alum are 
covered with a reddifh cruft. Laftly, the alum of 
Solfatara is extracted by lixiviation from a white 
earth that contains alum ready formed, and originates 
from a black lava, which has been penetrated by 
fulphureous vapours. 


§ 422. 
Alumine, or argillaceous-earth, has not fo great 
an affinity with fulphuric-acid as the alkalis, the 
- calcareous, magnefian, and other earths, poffefs. 


§ 423. 

7. Ponderous earth and fulphuric acid have a 
very ftrong attraction for each other. Neverthelefs, 
this earth affords no clear folution with that acid, 
even when diluted with a very great quantity of 
. water: on the contrary, the whole compound finks 
to the bottom as an infoluble fediment. This pre- 
cipitate is called /ulphat of barytes, or native pon- 
derous par (fpatum ponderofum). It is found in ~ 
cryftalline fhapes of great diverfity; which, how- — 

I | vs ever, 
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ever, on account of the above-mentioned infolu- 
bility, we, are not able to produce by an artificial 
combination of thefe two fubftances.. Ponderous 
{par is taftelefs, and of a remarkably great fpecific 
gravity. In fire it parts with its water of cryftal- 
lization; but the fulphuric-acid ’cannot be driven 
out from it by heat alone. When put into a cruci- 
ble made of clay, and fubjected to heat of fuch in- 
tenfity as to ignite it to aide wear iael te this {par runs 
into glafs. 


Synonyma: Vitriolated ponderous RB 


§ 424. 

Neither the alkalis, nor the calcareous, nor any 
other earth, decompofe the fulphat of barytes. Of 
all fubftances, barytes poffeffes the neareft affinity 
with fulphuric-acid. The decompofition of pon- 
derous fpar by carbonat of pot-afh ($ 343) is the 
effect of double affinity. 


§ 425. 
Concentrated fulphuric-acid, affifted by Ba 
diffolves a portion of ponderous fpar ; ; yet the folu- 
tion is decompofable by a {mall quantity of water. 


§ 426. 
8. The Julphat of Strontian-earth is likewite 


earthy, has no 2, tale, and is fcarcely foluble in ro00 
> A times 
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times its weight”of boiling water. If an excefs of 
fulphuric-acid be poured upon Strontian-earth re- 
duced to an impalpable powder, it will diffolve it 
totally. But as foon as a tittle water is added to 
the folution, the fulphat of Strontian-earth is again 
precipitated.—The attraction of Strontian-earth to 
fulphuric-acid feems to be not much lefs than that 
of barytes. . ; 

§ 427. 

g. The fulphat of Circon-earth is, like the for-. 
mer fulphat, earthy and taftelefs. ‘It becomes 10 
luble by a furplus of fulphuric-acid, and forms, by 
infenfible evaporation, cryftals of four-fided columns, 
accumulated in clufters, and poflefing an aftringent 
tafte. This combination wants yet a farther. in- 
veftigationg : 

§ 428. 

In the graduated arrangement of the affinities of 
alkalis and earths, the carbonic-acid is far exceeded 
by the fulphuric.—Of the reciprocal decompofitions 
of the fulphats and carbonats, we mention in this 
place only that of the fulphat of foda by carbonat 
of pot-alh; that of gypfum by carbonated alkalis; 
that of Epfom-/alt by carbonat of pot-afh; that of — 
ponderous /par by carbonat of pot-afh; and, in 
general, the decompofition of all the fulphats by a 
folution of witherite, or carbonat of ponderous earth, 
in water impregnated with carbonic-acid (§ 376); 


which folution may, in this refpet, ferve as a very 
5 2. fenfible 
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fenfible re-agent for difcovering the fulphuric-acid, 
whether free or chemically combined with other 
RER. 


Sulphureous- Acid. 


3.429. 

Sulphur is capable of being oxygenated in dif- 
ferent degrees ($ 276). In the fulphuric-acid it is 
faturated, or nearly faturated, with oxygen; and 
this is therefore to be reckoned a perfect acid. With 
a fmaller portion of oxygen it exhibits an acid of a 
different nature, and of different properties, which © 
ought to be regarded as an imperfect fulphuric-acid, 
and to which we give the name of fi ulphureous- 
acid. 


Synonyma : Phlogifticated witriolic-acid ; volatile fulphuric- 


ee wolatile-acid of vitriol. 


§ 430. 

This fulphureous-acid is obtained by a flow com- 
buftion of fulphur, when it burns only with a blue 
flame. The acid generated by this procefs is of 
much lefs acidity than fulphuric-acid (§ 388, 391)s 
and it is at the fame time exceedingly volatile, as is 
apparent from the very fuffocating {mell iffuing from 
the combuftion, and even affuming the aerial form, 
if moifture is excluded. 


VOL, I. | Rn § 431, 


/ 
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§ 431. 

Befides, this fulphureous-acid is alfo procured, 
when to fulphuric-acid a body is prefented that, by 
its attraction for oxygen,, deprives the fulphur of 
part of that acidifying principle, in combination 
with which it conftituted the fulphuric-acid. If 
fome olive-oil be brought in contact with oil of 
vitriol, a fulphureous-acid is immediately generated; _ 
and an odour is given out like that of burning brim- 
ftone. ‘Fhe fame thing happens if a red-hot coal be 
quenched in fulphuric-acid. In both cafes the acid 
is robbed by the carbon of part of its oxygen, and 
_ carbonic-acid gas is at the fame time generated. 


§ 432. 

The falphureous- acid is produced, in the pureft 
ftate, upon the folution of feveral metals in ful- 
phuric-acid, affifted by a boiling heat.—By way of 
experiment, pour together equal parts of mercury 
and oil of vitriol in a retort of-glafs, connected 
with the pneumatic quickfilver-trough ($ 127), and 
heat the mingled fluids in a fand-bath to 212° 
Farenh. In that heat the mercury deprives the 
fulphuric-acid of a portion of its oxygen, and is _ 
thereby oxyded; on the other hand, the fulphuric- — 
acid is changed to fulphureous, and comes over inte 
the receivers in the ftate of gas. 


$ 433. 
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§ 433. 

This gas has been called /ulphureous-acid gas. 
It is fpecifically heavier than common air; one 
cubic Parifian inch of it weighs 1,03820 French 
grains, at 10° Reaum. and’28 inch. Barom. Its 
.fmell is fuffocating, and its tafte feebly four; it is 
improper for refpiration, and incapable of main- 
taining combuftion. It cannot be confined by 
water, being abforbed by it; or, more properly 
{peaking, it is decompofed by water, which takes 
away the fulphureous-acid from the caloric. _ 


Synonyma: Vitriolated air; fulphureous air. 


5 434: 

Water, tHat has diflolved or abforbed fulphureous- 
acid, is to be looked upon as liquid fulphureous- 
acid. It poffefles a fulphureous fmell, and an acidu- 
lous tafte. Though at firft it only reddens the 
fyrup of violets, yet at laft it totally deftroys its 
colour. The tincture of rofe-leaves, and feveral 
other pigments, lofe by it all their colour. On this 
property refts the procefs of ftoving filk with. brim- 
ftone, for the purpofe of making it white. 


§ 435. - 

When expofed to air, the fulphureous-acid gra- 
dually takes up more oxygen from the vital air, 
Jofes thus its characteriftic marks, and is converted | 
into fulphuric-acid, 


R 2 § 436, 
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$ 436. 

The neutral and middle falts, which the ful- 
phureous-acid forms by combination with alkalis 
and earths, or the /wlphites, are very ftrikingly dif- 
ferent from the fulphats, or thofe that are formed 
by fulphuric-acid with the fame fubftances. Such 
falts are obtained in another way, if linen or woollen 
cloths are foaked in an alkaline lye, and afterwards 
hung up extended over brimftone burning weakly 
and flowly; though, in this cafe, there is always 
along with the fulphureous fome fulphurie - acid 
produced. | 

§ 437- 

As no ufe is made of the fulphites in arts and 
trades, it will in this place be fafficient juft to men- 
tion their names: 


r. Sulpbite of pot-ajb, or of vegetable alkali- 


. Synonyma: Srabl’s fulphureous falt (fal neutrum ful- 
phuris Stablii); Prlpkineons, tartar; volatile vitriolated 
tartar. 


. Sulphite of foda, or of mineral alkali. 

. Sulphite of ammoniac, or of volatile alkali. 

. Sulphite of lime, or of calcareous-earth. 

„ Sulphite of magnefia, or of magnefian earth. 

. Sulphite of barytes, or of ponderous earth. 

. Sulpbite of Strontian-earth. 

. Sulphite of alumine, or of argil. 

. Sulphite of Circon-earth, ox of jargon of Ceylone 


1 Owe Aw pow A 
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§ 438. 

By fulphureous-acid the carbonic is expelled from 
earths and alkalis; but the firft is itfelf difengaged. 
from fuch combinations by the fulphuric as well as 
by moft other acids. 


§ 439- 

Concentrated fulphuric-acid imbibes the ful- 
phureous gas; receiving thereby, if the air find ac- 
cefs to it, the property of emitting white fumes, 
and the glacial nature of the oil of vitriol of Nord: 
haufen ($ 396). 


Sulphur, with fame other Subflances, 


$ 440. 

‘Water and brimftone are not reciprocally adted. 
upon by each others nor is there any probability 
that fulphur alone is able to decompofe water, 
Hence oxygen has a nearer affinity with water than 
with fulphur, 

$ 441. 

Azot and carbon have likewife no apparent at- 
traction to fuiphur, Hydrogen may enter into com- 
bination with it, as will foon be farther explained. 


§ 442. 
Alkalis are eminent folvents of fulphur in the 
humid as wellas the dry way. + If one part of cauftic 


R 3 pot- 
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pot-afh or of foda, and one part of fulphur, be 
melted in moderate heat in a covered pot, a 
mingled mafs‘is obtained, which, after cooling, ex- 
-hibits a liver-brown colour, and gives out no odour | 
fo long as it remains dry; but which, on being 
moiftened, immediately fends forth a naufeous fmell, 
like that of rotten eggs; deliquefces in the air; 
and is entirely diffolved by water, the folution ex- 
hibiting a yellow gold-colour. This combination 
has been called liver of fulphur (hepar fulphuris). 
Its general name is, by the new methodical no- 
menclature, alkaline Julphuret; and I thal] treat 
here firft of the fulphuret of pots a/h, and of the 
futphuret of soda, 


The modern French Chemifts ftyle fuch combinations 
by the general term /u/fure, which is fufficient to dif- 
criminate it from /öufre, by which laft they tranflate 
the Latin word julpbur; but Dr. St. John properly 
fubftituted the word /ulphuret for that of flfure——e _ 
Edit. 


§ 443- 


Thefe combinations are alfo effected by boiling 
powdered fulphur in a lye of the cauftic fixed 
alkali. fuer 


$444, 


If to a folution of alkaline fulphuret in water 
any acid be added, the fulphur is feparated by it, 
becaufe of the ftronger attraction of -the alkali 
for the acid; and the fulphur is thrown down in 
the 
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the form of ’a fine white powder, called milk of 
fulphur (lac, or magifterium fulphuris).—The car- 
bonic-acid likewife feparates the fulphur. 


| $ 445. 

By pouring the acid into the alkaline fulphuret, 
the difgufting fmell which the folution already pof+ 
feffed by itfelf becomes ftill ftronger and truly in- 
fupportable. If dry fulphuret of alkali be employed, 
an effervefcence takes place that cannot be perceived ~ 
when the acid is added in the cold to the folution 
of pure alkaline fulphuret in water. The fetor men- 
tioned before arifes from the extrication and ex- 
panfion of a peculiar gas, which deferves a clofer 
 confideration. 


§ 446. | 

Take ‘alkaline fulphuret, recently prepared and 
pulverized; put it into a tubulated glafs-retort 
($ 120) lodged in a warm fand-bath, and whofe - 
neck is joined to the pneumatic apparatus; next 
pour upon it fome diluted fulphuric-acid, and urge 
the heat, by degrees, till the contents of the retort 
are boiling. If the hydro-pneumatic apparatus be _ 
made ufe of, it is advifable to put warm water 19 
the trough. | 

§ 447. 

The gas obtained in this manner is called /il- 
phurated hydrogen-gas. It is diftinguifhed by a 
- very difagreeable fmell; it is not refpirable; it ex- 
2 R 4 £inguifhes 


- 
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tinguifhes a lighted candle immerfed in it; is, how- 
ever, itfelf inflammable, and burns after ignition, 
if mixed or in contact with oxygen-gas. This mix- 
ture may alfo be fet on fire by the electric fpark. 
If fulphurated hydrogen—, mixed with oxygen-gas, 
be kept in a bottle well ftopped, the fulphurated 
hydrogen-gas will, after fome time, be found de- 
compofed, and the fides of the veHe cafed with a 
thin lining. | 
Synonyma: Hepatic gas by Bergman, and fulphureous al- 


kaline air. 


§ 448. 

Cold water abforbs the fulphurated Hydröbetsß gas, 
by degrees, and becomes poffefled of its tafte and fmell. 
Water faturated with this gas is of the fame nature 
as the mineral Sulphureous or hepatic waters (ther- 
me hepaticé ); for inftance, that of Aıx-la Chapelle. 
Such waters may artificially be imitated by means 
of Parker’s apparatus (§ 130). Expofed to the 
air, they become cloudy, depofite fulphur, and 
change the blue colour of fyrup of violets to a 
green. Lime-water is not rendered turbid by them, 
provided they are not alfo impregnated with car- 
bonic-acid. By boiling they are deprived of their 
{mell and tafte, and of their fetpaur. 


he N 449. 
| a8 The bafes of the gas now deicribed are hydrogen 
and Oa tat or fulnhurated ha ydrogen; for fulphur 
obtains, 
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obtains, by being combined, with alkalis and earths, 
the faculty of decompofing water by attracting its 
oxygen, which it cannot do uncombined (§ 440). 
As foon, therefore, as the alkaline fulphuret en- 
counters water, it robs it of oxygen, which, with. 
part of the fulphur, generates fulphuric-acid, that 
combines with the alkali. The hydrogen, difen- 
gaged in this procefs, takes up another part. of the . 
fulphur, and forms with. it fulphurated hydrogen, 
the bafis of this gas, but which is retained by the 
feparated portion of alkali; and it is only by the 
addition of an acid, and affiftance of heat, that it 
is extricated from the alkali, and flies off in the 
form of gas. 

Thus an alkaline Julphuret diffolved in water 
contains /ulphuret of alkali, properly fo called, be- 
fides fulphated alkali, and fulphurated hydrogen, 
diffolved by the alkali. When dry alkaline ful- 
phuret is diffolved in water, a decompofition of 
water enfues, but no longer than until the alka- 
Jine fubftance is faturated with the fulphurated 
hydrogen. If a diluted acid be poured upon al- 
kaline fulphuret while in the dry ftate, it is then 
the water of the acid only that has a fhare in 
the formation of this gas; and. the acid ads no 
other part than that of extricating the bafis of the 
gas from the alkali, by which it is diffolved. 


| The 
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The decompofition of hepatic, or fulphurated 
hydrogen gas, by vital air, may be explained by 
the mutual attractions of oxygen and hydrogen 
then taking place; whereby water is formed, and 
the fulphur precipitated. This is likewife the rea- 
fon why water, holding fulphurated hydrogen gas 
m folution, lets fall the er on expofure to 
open air. | 

8 450. 
When hepatic air is inclofed with cauftic alkaline 
lye, it is rapidly and in great quantity abforbed; 
and fulphuret of-alkali, or liver of fulphur, is 
again produced by this combination, A 


§ 451. 

Alkaline fulphuret, diffolved in water, undergoes, 
when expofed to the atmofphere, a total decom- 
pofition. The folution, which was clear before, — 
grows turbid; fulphur is precipitated, and the re- 
maining lye contains at laft nothing elfe but ful- 
phated alkali, mingled with more or lefs car- 
bonated alkali. Dry alkaline fulphuret likewife 
decays in open air, lofing all its peculiar properties 
fo far that, finally, nothing elfe remains but ful- 
phur and fulphated alkali, together with carbonated 
alkali in different Ds a 


5 4.52, 
If acup, containing alkaline fulphuret, be placed 
under a bell of glafs, filled with oxygen gas confined _ 
‘3 : By 
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by water, it will be found that the vital air gra- 
dually difappears, while the fulphuret of alkali en- 
dures the changes mentioned before. It was on 
account of this property of the alkaline fulphuret 
upon oxygen gas, that Scheele employed it for 
. zudiometrical purpofes (§ 220). 


$ 453- 

The ground of the reciprocal aétions of liver of 
fulphur and vital air upon each other lies in the 
attra&ion which both fulphur and hydrogen have 

‘for oxygen; and by this it is eafy to explain why the 
_ alkaline fulphuret is after fome time converted into 
a fulphat.—Another caufe of the deftruction of the 
fulphuret of alkali in common air is to be fought 
for in the carbonic. acid. The alkali attracts this 
acid, met with in the atmofphere; is by it tranf- 
formed into a carbonat; and hence rendered inca- 
pable of holding fulphur in folution, which of courfe 
muft precipitate. © . A 

| § 454 | 

When dry fulphuret of alkali is roafted over a 
- gentle fires and with inceflant ftirring, there remains 
at the end a whitifh- -grey powder, containing partly 
uncombined alkali, partly fulphat of alkali. By this 
torrefaction part of the fulphur flies off fublimed; 
and another part, by taking up oxygen from the 
atmofphere, is converted into fulphuric-acid, which 
combining with the alkali forms the fulphat. 


§ 455: 
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A § 455- 

_Ammoniac alfo combines with fulphur. Sul- 
phuret of ammoniac is obtained by the following 
method: :— Two parts of finely pulverized quick- 
lime are put into a dry glafs-retort; upon thıs lime 
one part of fal-ammoniac, well mingled by tritura- 
tion, with half a part of fulphur, is poured, and 
the whole well incorporated by fhaking; the retort 
is afterwards connected with Weulf’s apparatus 
{§ 123); putting, however, into its firft 'interme- 
diate and laft receivers but-a very fmall portion of 
water. Finally, the diftillation is carried on in fand- 
‘bath, and with precaution. 


Synonyma: Volatile liver of fulphur (hepar fulphuris «n- 
latile); Boyle’s /moking liquor (liquor fumans Boylei J: $ 
Hoffman’s wolatile tinéure of ae (tinGura fulphuris 
Ho amare: ) 


§ 456. | 

The ammoniacal fulphuret cannot be produced 

otherwife than ın the liquid ftate. It poffefles a 

yellow gold-colour, a volatile and difagreeable fmell, 

and fumes ftrongly in conta&t with‘air. In other re- 

 fpedts its properties are like the combination of ful- 
ha with fixed alkali, 


§ 457 
Lime-water diffolves likewife a {mall quantity of 
pulverized fulphur. Hence arifes the /wlphuret of 
. hime, 
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dime, which is beft prepared in the dry way, by 
mingling moft intimately equal portions of chalk 
and powdered brimftone, and by igniting this mafs 
throughout in a covered crucible. The carbonic- 
acid is driven out from the chalk by this opera- 
tion, while the calcareous-earth unites with the ful- 
phur, and remains in the veflel as a whitifh powder. 
Towards water, acids, and vital air, this combination - 
is difpofed in the fame manner as the alkaline ful- 
phuret; and muft likewife, in order to remain un- 
altered, be preferved in well clofed veflels. 


Synonyma: Liver of lime; calcareous liwer of fulphur 
(hepar fulphuris calcareum). | 


$458.0 
Sulphur may be combined in a fimilar way with 
ponderous earth; yet the fulphur does not feem to 
mix with pure magnefian earth fo as to be foluble 
in water; nor does it unite in this manner with.argil- 
laceous earth. 


Decompofition of the Sulphuric- Acid. 


$ 459. 

The transformation of fulphuric-acid into ful- 
phureous by the means which we have mentioned 
above (§ 431, feq.) is an actual but incomplete de- 
compofition of that acid. If it be intended to de- 

ree | prive 


x 


254 2 Mineral Acids, Ke. [Chap. Vv. 


prive it entirely of all its oxygen, and confequently 
to feparate again the fulphur from it, it will be 
neceflary that the carbonic-radical, by whofe ftronger 
attraction to oxygen this decompofition is chiefly 
to be effected, fhould be enabled to ac on the 
fulphuric-acid at the temperature ‘of ignition; 
and hence, alfo, that this acid be rendered fuffi- 
ciently fixed to be capable of bearing fuch an in- 
tenfe heat. It poffeffes this laft property when it is _ 
intimately combined with a fixed aa or with an 
earth. 


s 460. 


When, therefore, equal parts of fixed alkalı and 
of fulphat of pot-afh are moft intimately blended. 
with powdered coal, amounting in weight to one- 
fourth of the whole mafs, and melted together in a 
covered crucible, an alkaline fulphuret is obtained; 
from which, being firft diffolved in water and fil- 
tered, the fulphur may be precipitated by means of - 
an acid. 


§ 461. 

a this procefs the ignited carbon, by virtue of | 
its fuperior affinity, attracts and takes up the oxy- 
gen of the fulphuric-acid, and flies off in the cha- 
racter of carbonic acid gas; and the regenerated 
fulphur combines with the alkali, forming alkaline 
fulphuret, from which it is again feparable by an 
acid. The portion of free alkali that was added 
ferves only to promote the fufion. The fuperfluous 

; part 
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part of the coal employed for this Spanien remains 
behind upon folution. 


Application of this procefs to a cheap feparation of 
mineral alkali from Glauber’s falt. 


, § 462. 
By a method like this the fulphuric-acid con- 
tained in gypfum and ponderous fpar may be de- | 
compofed by means of charcoal-duft. 


§ 463. | 

Upon_this transformation of the fulphuric-acid 
into fulphur, by means of ignited charcoal, is like- 
wife founded the generation of the Bononian phof- 
phorus from ponderous fpar, in which Vincenxze 
Cafciarolo for the firft time obferved the luminous 
property.—For this end fulphat of barytes is firft 
made red-hot in a crucible to render it friable; 
which when done, it is reduced in a ftone or glafs- 
mortar to a fubtile powder, and mixed with mu- 
cilage of gum-tragacanth. Of this pafte fmall cır- 
cular plates, and other various figures, are formed. 
Thefe are well dried, and expofed to red-heat be- 
tween burning coals in a wind-furnace, with a good 
current of air, and taken out.after the coals are 
confumed.—If thefe cakes be expofed for fome time 
to day-light, they obtain the property of giving 
light in the dark; but they lofe it again in courfe 
af time, and erh it by heat, If they be agin 

wit 
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with water,. they emit a {mell refembling that of 
_{ulphurated WAREN 


§ 464. 

In my opinion, it is very probable that this phof- 

phorus is a flow combuftion of the fulphur, fe- 
parated in this procefs from the fulphuric acid that 
was combined with the barytes; the fulphur uniting 
now with this earth, and being, as it feems, in this 
combination, more difpofed to decompofe the oxy- 
gen gas than when fingle. ‘The extrication of ca- 
loric is, in this cafe, during each inftant of obfer- 
vation, too inconfiderable to be perceptible. 


§ 465. 

Cantons pho/phorus is of a fimilar nature with 
the preceding, and is moft fuccefsfully prepared by 
mingling, as accurately as poffible, equal parts of 
pulverized oyfter-fhells and fulphur, and. keeping 
them in a covered crucible for fome hours i in white 
heat. The concrete mafs is afterwards broken into 
{mall pieces, and put in a dry glafs-tube, which muft 
be well corked. It will be found to” give light in 
the dark, if previouily expofed for a fhort t time to 
day-light. | 

$ 466. 

F inally, to this place belongs the pyrophorus = 

Homberg, which in open, and efpecially in moift 


air, inflames by itfelf, and burns with a fulphureous 
4 x odour. 
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odour.—Take five parts of burnt alum (§ 417), 
and one part of coal finely powdered, mingling them 
with the utmoft accuracy. With this powder fill a-- 
{mall earthen bottle with a narrow orifice, but no 
more than to about two-thirds of its capacity, and 
place the bottle in a pot, furrounding it with fand 
up to the neck. The pot muft then be expofed to 
fire, and the heat gradually increafed, until the 
bottle be red hot. Sulphur is now formed, fub- 
liming and burning at the aperture of the bottle 
with a blue flame. When that flame is no more 
_ perceived, the pyrophorus is complete. The bottle, 
while yet in the fire, is firft clofed with a {topper 
of clay well fitting; whereupon the pot is removed 
from the fire; and when the bottle is farther cooled, 
it is {topped very tightly with a good cork. 


§ 467. 


If the pyrophorus has fucceeded well, and fome 


* of it be poured upon paper, it will grow hot of 


“ itfelf; efpecially when breathed upon, and then 
begin to catch fire fpontaneoufly. It is totally 
confumed, emitting. a ftrong fulphureous fmell. 
When kept in bottles not well corked, it lofes 
by time its fpontaneous inflammability. 


8468. ees 
It is demonftrated by experiments, that alum 
yields pyrophorus only from the circumftance of its 
vorm Suey 1 con 
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containing vegetable alkali (§ 420); and that the 
atgillaceous earth contributes nothing to that pre- 
parätian. © 

The phenomenon exhibited by the pyrophorus 
may be thus accounted for. “The carbonic radical 
decompofes in a red-heat the fulphuric acid of the 
fulphat of alumine, and becomes carbonic acid gas, 
which efcapes; the fulphuric acid is converted into 
fulphur, which fublimes and burns. During thefe 
changes, the pot-afh, by which the alum of com- 
merce is adulterated, fixes a part of the fulphur and 
retains it, efpecially as the calcining heat is not 
vehement enough totally to volatilize all the ful» 
phur; and there remains the fuperfluous part of the 
coal that had been blended with the fulphat OF 


alumine. 


The conftituent parts of the pyrophorus are 
confequently exceedingly dry cauftic pot-afh, 
‘fulphur, carbon, and alumine. —On expofure to 
air, the firft attracts rapidly its moifture, and is 
heated with it (§ 283) And this heat is fufficient 
to inflame the fulphur, becaufe fulphur is already, — 
by its own nature, when combined with alkaline 
fubftances (§ 452), by far more difpofed to decom- 
pofe oxygen gas. Laftly, this ignition of the ful- , 
phur in the pyrophorus 1s communicated to the 
coaly particles, that, at the beginning of its pre- 
paration, were mingled with the fulphat of 
glumine, SR 


. Nitric 
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> 


Nitric Acid. 


9.469. 

If fulphuric acid be poured upon nitre, an 
effervefcence enfues, accompanied by heat, and 
immediate extrication of a quantity of reddifh- 
yellow fumes, which by diftillation may be con- 
denfed into a liquid. -Purified dry and finely pul- 
verized nitre is put into a glafs retort, and half its 
weight of concentrated fulphuric. acid is poured 
upon. it, drop by drop, on account of the ftrong 
heat that arifes, and ftirring the matters repeat- 
edly. A receiver is next luted to the retort, and 
the diftillation cautioufly performed, on a fand- 
bath previoufly warmed. Fumes, at firft yellowith 
and then red, pafs over into the recipient, con- 
denfing flowly ‘to a four, reddifh-yellow fluid. 
A part of them condenfes in the retort, and: comes 
over in drops. The heat is kept up, until no 
more fumes or drops are perceived to come 
over. | 
8470. | 

The acid colle&ted in the receivers has been 
formerly called, from the falt from wbich it is 
extracted, acid of faltpetre (nitre); but in the 
new nomenclature its name is nitric acid. And 
the concentrated liquid, as defcribed above, has 
obtained the appellation of Smoking /pirit of 


5 2, ; mitre 
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nitre (acidum nitri fumans Glauberi). Its fpecific 
gravity, when ftrongly concentrated, is 1,583. On 
accefs of air it fends forth reddith yellow fumes, 
which, befides, always fill the empty fpace of the 
bottles wherein it is kept. It ftrongly attraéts moif- 
ture; grows hot by mixing with water, in which 
cafe the reddifh fumes are continually increafing. 
When it is thus diluted with water, it firft becomes 
green; but, on adding more water, it turns blue, 
_ and at laft all colour difappears. 


| § 471. | 
We fhall prefently fee that the yellow or reddith 


on colour, and the property of emitting reddifh- 


yellow fumes, do not belong to perfect nitric 
acid, as fuch, but prefuppofe its having undergone 
fome modification, and are the charatteriftic of 
another lefs perfect nitric acıd.—If, therefore, fmok- 
ing nitric acid be once more diftilled in a glafs re- 
tort, in a fand-bath with a very gentle fire, the 
- fuming part will rife firft, and the remainder will be 
deprived of all its colour, and its fuming quality. 
In like manner is the more volatile and fmoking 
acid parted from the remaining perfect acid ($ 470) 
by dilution with water; and the refidual colourlefs 
diluted acid muft be confidered as being the pure 
perfect nitric acid. | 


§ 472. 
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§ 472. alae 

Sometimes, inftead of fulphuric acid, green, vi- 
triol calcined to rednefs is employed in large © 
quantities to expel the nitric acid from .nitre. 
Seven parts of vitriol, thus calcined, „are diftilled 
with eight parts of nitre, well dried, and reduced 
to fine powder, from large earthen and coated. 
retorts, joined by luting with large recipients and 
adopters ($ 121), containing -fome water. This 
diftillation is alfo performed in matrafles (§ 79) - 
of caft-iron, provided with alembics or heads 
(§118) of clay or glafs. The nitric acid of the 
fhops, being weakened by water, is ufually colou: - 
lefs, and not fmoking. In this ftate it is called 
aqua fortis; or fimply /pirit of nitre. It ıs fre- 
quently much ponnted with fulphuric and muriatie 
acid, 

nics tit 8.473. | 

To free the ‘nitric acid from the fulphuric, by 
which at 1s contaminated, the folution of barytes 
in nitric acid affords the moft efficacious means.. 
This folution is dropped into the nitric acid,»to 
be purified, as long as any. fulphat of barytes: is 
precipitated (§ 423); after which the acid is again 
reCtified.. The nitric acid is only then defiled by 
the muriatic, when unpurified nitre has been made 
«ufe of for its preparation. Of the means to clear it 
from this laft we can only treat mae nace 
‘peaking of filver. 


as NENNE 3 8474 
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$ 474. 

The refidue in the retort, after diftilling nitric 
acid from oil of vitriol and nitre (§ 470), is fulphat 
of potafh, ufually called vitriolated tartar. From 
this it is plain, that nitre is a neutral falt, con- 
fitting of vegetable alkali and its own peculiar 
acid; and that this laft is lefs attratted by potafh 
than fulphuric acid. ‘But when vitriol is em- 
ployed for extricating nitric acid from nitre (§ 472), 
the fulphat of potafh is mingled with oxyd of 
iron; from which it may be feparated by lixivi- 
ating the falt with water, and filtering the lye, 


$ 475: 

Nitrie acid is diftinguifhed from the fiilphunte 
by a peculiar odour, by its volatility, and by its 
highly corrofive ation on organic bodies. It 
ftains the fkin, hair, filk, and other animal matters, 
with a permanent yellow colour. - Its difference 
from other acids is beft fhewn by the neutral 
and middle falts (Nitrats) which it produces, 


§ 476. 

1. With pot-afh, nitric acid forms the common 
falt-petre, or nitre ; which in the new methodical 
nomenclature is called nztrat of potafh; a falt 
fhooting into prifmatic, fix-fided cryttals of ftrıated 
lateral furfaces, terminating in pyramidal fümmits 
of fix furfaces; having an acrid, bitterifh, cooling 
rae and at a middle temperature foluble in feven 

2 . parts 
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parts of water, but of boiling water requiring: only 
a little more than its own weight for folution. 
_ Cryftallized nitrat- of pot-afh contains, according 
to Bergman’s ftatement, 0,49 of potafh, 0,33 
of nitric acid, and 0,18 of water of cryftallization. 
The laft, however, cannot be well afcertained. 


§ 477- | 

The cryftals of nitre.are permanent in the air. 

In heat this neutral falt liquefies and melts; and it 

not only lofes the water of its cryftals, but 1s 

totally decompofed by ignition, and its acid de- 
gtroyed, as will be feen in the fequel. 


Of Jale-petre drops, or falt-prunelle (nitrum tabulatum; Jal 
prunelle). 
§ 478. 

Nitrat of pot-afh is fownd ready formed, in 
great quantities, in various parts of the globe: as 
in the Eaf-Indies, in the territory of Aolfetia in 
Sicily, and in Lower-Hungary. Nevertheleis a 
very confiderable part of this article is artificially 
prepared by calcareous earth, impregnated -with 
nitric acid, and vegetable alkali, 


$ 479 
2. The nitrat of foda is ufually called cubic or 
rhomboidal nitre. It ıs a combination of nitric 
acid with mineral alkali. Its cryftals are rhom- 
boids, its tafte greatly refembles that of common 
Ss 4. nitre, 


264 Mineral Acids, &c.  [Chap. V. 


nitre, or nitrat of potafh; it is fomewhat difpofed 
to become moift, and is in a moderate warmth 
foluble in two parts of water. Its component 
principles are, according to Bergman, 0,32 parts 
of foda, 0,43 of nitric acid, and 0,25 of water. 
This neutral falt is feldom found native, and no ufe 
is made of it. 
| § 480. 

The vegetable alkali has an affinity with er 

acid, rather nearer than that of mineral alkali. 


§ 481. 

3. Nitrat of ammoniac, or the combination of 
nitric acid with pure volatile alkali, forms needled | 
cryftals, has a fharp tafte, readily diffolves- in 
water, and does not decay in the air. In a red- 
heat, this neutral falt.ıs totally decompofed without 
addition; and at the fame time not only the 
ammoniac, but alfo the nitric acid, its other con- 
{tituent part, undergoes. decompofitjon, as will be 
proved hereafter. 


Synonyma: Nitric fal-ammoniac (fal ammoniacum nitres 


Jum); flaming falt-petre (nıtrum flammans), 


; § 482. 
The nitrat of ammoniac is decompofed by both 


the fixed alkalis, in confequence of their DacHiBR 
a greater afhnity with nitric acid. 


§ 483. 
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§ 483 | 

4. Calcareous earth is eafily diffolved by nitric 
acid, and affords with it the nitrat of lime; a mid- 
die falt, of great deliquefcence, of an acrid and 
bitter tafte. A red-heat decompofes this falt, and - 
the refidual calcareous earth is poffeffed of the fas 
culty of emitting light in the dark: in other words, 
it is the phofphorus of Baldwin, but which foon 
lofes its phofphorefcent quality. 


Synonyma: Calcareous falt-petre, or nitrous-lime (nitrum 
calcareum, calx nitrata). . 


. § 484. 
The two fixed alkalis attra&t the nitric acid more 
ftrongly than lime does; but calcareous earth has a 
greater affinity with that acid than pure or cauftic 
ammonlac. | 


$ 485. 

Nitrat of lime ıs found prepared by nature; and 
it is principally this native middle falt which is de- 
pofited on nitre-beds, and old decaying walls in the 
vicinity of putrefying animal fubftances; and from 
which afterwards common nitre is artificially pro- 
duced (§ 478) by the addition of pot-afh. 
$ 486. ee 

5. Nitrat of magnefia affords likewife a very de- 
Jiquefcent middle falt, of a bitter and pungent tafte, 

and 
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and decompofable by fire. It has not yet been ap- 

plied to any ufe. ; 
"Of the magnejia nitric 


a 


§ 487. | 
- Pot-ath and foda completely decompofe the fo- 
lution of magnefian earth in perfect nitric acid; for 
they combine with the laft, on account of their 
ftronger affinity with it, Ammoniac, on the con- 
trary, effects this decompofition but incompletely, 
and rather forms with it a triple falt (magnefia am- 
moniaco-nitrica). Lime-water inftantly precipi- 
tates the magnefian earth from its folvent nitric acid, 
_ as the calcareous earth has a ftronger attraction than — 
magnefia for this acid. 


§ 488., 

6. The folution of pure argil in nitric acid, or 
nitrat of alumine, is, by its tendency to deliquefce, 
very difficultly cryftallized, of a ftyptic or aftringent 
tafte, and decompofed by a red-heat. It has been 
‚recommended as a corrofive, or means of ftaining 
in the-art of dying. ~All alkalis alfo, as well as 
lime and magnefia, decompofe this middle falt, 


=” § 489. 

7. Nitrat of barytes, or a combination of pon- 
derous earth with nitric acid, admits of cryftal- 
lization; and forms cryftals, permanent in the air, 

| and 
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and of confiderably difficult folubility, having a 
bitter and acrid tafte. Ignition decompofes it. 


Synonyma: Nitrum baryticum, terra ponderofa nitrata. 


$ 490. 
Barytes exceeds, in its affinity with nitric acid, all 


alkaline fubftances. 


§ 491. 

8. Strontian earth is eafily foluble in nitric acid, 
forming with it the middle falt, Nitrat of Stron- 
tian, whofe cryftals are not affected by the air, 
and are o¢tahedral as to figure. If flips of paper 
are dipped into a folution of this falt, and dried 
again, on being lighted they burn with a beautiful, 
purple-coloured flame. 


§ 492. 

The nitric-acid has a nearer affinity with all al- 
kalis and earths than the carbonic.—As for the 
double affinities, we notice only, at firft, the de- 
compofition of nitrat of lime by the carbonats of 
pot-afh, of foda, of ammoniac; and, fecondly, the 
decompofition of the nitrats of barytes and Stron- 
tian-earth by the fame carbonated neutral falts. 


| $ 493. 

The fulphuric precedes, the nitric acid in the 
fucceffive gradations of affinities refpecting alkalis 
and earths. On this principle depends the expul- 

| fion 
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don of nitric acid from nitre by the fulphurie 
(§ 474), and the application of a diffolved nitrat 
of barytes as a re-agent, to difcover the prefence 
of fulphuric acid in any fiuid which it is fufpected 
to be united with; and, therefore, as a means to 
purify nitric acid from any fulphuric (§ 473) with 
which it may be contaminated. 


§ 494. 

Of the double affinities between the nitrats and 
fulphats, I mention in this place only the decom- 
pofitton of common nitre by Glauber’s falt ; the de- 
compofttion of nitrat of lime by the fulphats of 
pot-afh, of foda, of ammoniac, of magnefia, of 
alumine; and the decompofition of the nitrat of 
barytes, by all the fulphats that are foluble in 
‘water, whether neutral or middle falts. For this 
- yeafon the nitrat of barytes is a re-agent, not only 
for free fulphuric acid (§ 493), but alfo for fuch 
~ as 1s combined with other fubftances, 


Nitrous Acid. 


$ 495. | 
The acidifiable bafis of the nitric acid is capable 
of various degrees of oxygenation, or of receiving 
different. portions of oxygen (§ 276); and on this | 
account it appears in various ftates. I have already. 


mentioned (§ 271) that the fuming reddifh fpirit 
of 
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of nitre is not a perfect nitric acid; that by a gentle 
heat: its fmoking coloured portion may be driven 
out; in which cafe the perfect white and: colourlefs 
nitric acid remains; and that by a fimilar method 
its {moking part may be expelled by that degree of 
heat which is produced on “mixing this acid with 


water (§ 471). 


§ 496. 


_ This fuming reddifh part, which is. but with difhi- 
culty condenfed into a liquid, which, -befides, is fo 
volatile as to form reddifh vapours and clouds even 

at the ufual temperature, and which does not pof- 

fefs the fame degree of acidity as the perfect nitric 
‘acid, muft be regarded as an imperfect nitric acid, 
‚and is called nitrous acid. A greater quantity of 

it is contained in the fmoking fpirit -of nitre, in 


'_ proportion as the oil of vitriol employed for its ex- 


traction from nitre has Been itfelf more or lefs 
fuming. | 


$ 497. 


That the acidifiable bafis of nitrous acid is com- 
bined with lefs oxygen than when forming the per- 
fe& or nitric acid, is evident from feveral facts. 


For example: If nitrat of pot-afh be made. red- 
hot in a coated glafs retort, and joined to the 
pneumatic apparatus, a great quantity of oxygen 
gas will come over; and, at laft, if the retort be 
proof againft melting, vapours of nitrous-acid will 

. be 
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be extricated. The refiduary mafs of falt in the 
retort has an alkaline tafte, but emits red fumes, 
and yields nitrous acid, if any of the weaker acids, 
as vinegar, be added, which in other circumftances 
would not be powerful enough to difengage the 
nitric acid. 


It is obvious that, in-this cafe, a portion of oxy-. 
gen is expelled by the fire from the perfect nitric 
acid contained in nitre; and that this portion of 
oxygen flies ‘off, combined with caloric, in the cha- 
racter of oxygen gas. Whence the acidifiable bafis 
of that acid remains behind with the alkali, but 
combined with a diminifhed quantity of oxygen; 
and hence in the ftate of nitrous acid, until, by the 
continuance of heat, more or lefs of the bafis itfelf 
is expelled. 


§ 498. 


From what has been faid, it plainly appears why 
all nitrats are decompofed fimply by being ignited. 


| .$ 499. 

When nitric acıd is made to pafs through a red- 
hot glafs tube, it produces oxygen ci and nitrous 
acid. 

§ 500. 

To conclude, when colourlefs concentrated nitric 

acid, inclofed in a very tranfparent retort, connected 


with the ae. apparatus, is expofed to the 
rays 
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rays of the ‘fun, it gives out oxygen gas, and the 
remaining nitric acid becomes again coloured. A 
‘ dark heat, without light, does not produce thefe al- 
terations. | | 

§ 501, 

Nitrous acid forms with alkalis and earths faline 
fubftances, different from thofe which are generated 
by fimilar combinations with nitric acid. Thefe are 
called nitrites. Will not thefe falts, by expofure to 
open air, be again converted into nitrats? However, © 
they are little known, and no ufe is made of them. 


Og re 251): 
The nitrous acid has a much lefs affinity than 
the nitric with alkalis and earths. 


Nitrous Gas.—Gafeous Oxyd of Azot. 


§ 503. 

All bodies of the animal and vegetable kingdom 
decompofe nitric acid, and deprive it, by means 
of the radical carbon which they contain, of mof 
. of its oxygen; fo that the acid now appears of a 
different nature, and of different habitudes with 
other bodies. The fame is effected by a great many 
metals, as by copper, mercury, and iron. If nitric. 
acid be poured upon them, heat is produced, and 
air-bubbles extricated, which, on the accefs of at- 
‘mofpheric air, immediately form a yellowifh red 

cloud, 
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cloud. The better to judge of the changes which 
happen in this cafe, we choofe the following expe- 
riment. | 

Ki § 504. 

Let a fmall proof-bottle (§ 128) be filled with 
wire of copper or brafs; let fome diluted nitric acid, 
prepared with one part of concentrated nitric acid 
and three parts of water, be poured upon the wire, 
in fuch a-manner that no atmofpheric air remain in 
the veffel ; and let the bottle be duly connected with 
the pneumatic apparatus. The metal thus expofed 
is diffolved by the acid with ebullition; a great 
quantity of air efcapes through the fide-aperture of 
the glafs, which is collefted in the receivers, after 
the firft portions have been fuffered to fly off. 


§ 505. 

The kind of air obtained by this SH is 
called niltrous gas. It is colourlefs; fhews no trace 
of an acid; does not redden by itfelf the tin&ture 
“ of litmus, nor render lime-water turbid; is info- 
luble in water, utterly unfit for refpiration, and ex- 
tinguifhes a light brought into it. When it meets 
with atmofpheric air, it directly abandons the aerial 
form, and is transformed into reddifh yellow acid 
vapours, like thofe iffuing from fmoking fpirit of 
nitre; and is finally converted into nitric acid, which 
is gradually imbibed by water. A Parifian cubic 
inch’ of this nitrous gas weighs at 10° Reaum. and 
a8 inch. Barom. 0, 54690 French grains.. 
| 2 § 506. 
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§ 506. | 
If into a cylindrical glafs-veflel, kolding nitrous 
gas confined by water, common air of the atmo- 
{phere be introduced, reddifh yellow fumes are in- 
ftantaneoufly formed; heat is produced, and the 
volume of the two kinds of air, taken together, is 
diminifhed; the water rifes in the cylinder, and be- 
comes diluted nitric acid. When both airs have 
been mixed in a juft proportion, nothing elfe re- 
mains at laft than the azotic gas of the atmofpheric 
air ($ 197).—Ufually 16 meafures of this laft are 
required to deftroy completely 7: meafures of ni- 
' trous gas. | 


§ 507. 

If to atmofpherical air, in the foregoing expe- 
riment (§ 506), pure oxygen gas be fubftituted, 
the rednefs and heat produced are much greater, 
and if both airs have been abfolutely pure, and 
mixed in due proportion, the whole of the air that — 
was in the cylinder difappears entirely. - It is, how- 


ever, difficult to obtain the nitrous and oxygen 


gafes quite undefiled by the azotic which then re- — 
mains behind.—About four meafures of oxygen 
-gas are required for 7: of nitrous gas. 


38508; | 

The red mifts formed in 'thefe two experiments - 
(§ 506, 507) .are nitrous acid, which by degrees | 
changes to nitric acid, and is abforbed by water. 
VOL. I, T Hence, 
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Hence, by the combination of the oxygen and ni- 
trous gafes, nitric acid@is generated, and both kinds 
of air ea eral 

§ 509. 

The inlerdnfe from all thefe experiments is, that 
nitrous gas contains the bafis of nitric acid, which 
is converted into this acid by imbibing oxygen 5 
and hence, that the metal, during its folution in 
nitric acid (§ 504), decompofes part of the acid 
by robbing it of oxygen, altering thereby its con- 
dition fo much, that, at the ufual temperature of 
our atmofphere, it no longer appears in the liquid 
ftate, but ceafes to aét in the capacity of an acid, 
and exhibits different properties. But when nitrous 
and oxygen gas happen to come in contact, their 
bafes attraét each other, and form again nitric acid, 
by difmiffing their caloric. 


§ 510. 

The bafis of nitrous gas contains, therefore, the 
radical of nitric acid. However, the following ob- 
fervations fhew that it does not contain’ it quite 
pure, but always combined with a portion of OxYy 
gen, though infufficient for making an acid with 
that radical. Whence it farther follows, that the 
nitric acid is not deprived by the metal (§ 504) of 
the whole of its oxygen, but only of the greater: 
part ; and, confequently, that the bafis of nitrous: 
gas confifts of the radical of the nitric acid, and 
fome portion of oxygen.) 


"N 5. 
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| § 511. 

But the formation of the bafis of nitrous gas 
does not conftitute the firft degree of oxygenation 
of the radical of nitric acid; there is yet another 
degree below this. For if nitrous gas be left for. 
fome time in contact with wetted iron filings, or 
moiftened alkaline fulphuret, a diminution of about 
two-thirds of its volume takes place, and the gas 
acquires properties different from its original ones. 
For the remaining third part of the gas is taken 
up by water; is neither decompofed by, nor de- 
' compofes, vital air; and produces no red fumes 
with-it.: Befides, a lighted candle burns in it with 
increafed brightnefs; and a fparkling wick funk into 
it is fpontaneoufly ignited to flame. Yet-burning 
phofphorus, fulphur, and coals, are extinguifhed in 
it, and animals are fmothered. It is not affected 
by nitrous gas. aS 


iS 252, 

This gas, firft mentioned by Priefley under the 
name of dephlogificated nitrous air, is called ga/e- 
ous oryd of azot. During its production ($ 511) 
the bafis of nitrous gas ($ 509, 510) is deprived 
of part of its oxygen, but not of the whole quan- 
tity which it contains. The radical of nitric acid, 
therefore, forms, in combination with a {till fmaller 
portion of oxygen, another fpecies of gas different 
from the nitrous. This laft may alfo be obtained 
by various other ways: for inftance, by mingling 

#2 nitrat 
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nitrat-of - ammoniac with about three times as much 
fand, and diftilling it from a fmall retort joined to 
the pneumatic apparatus. ‘Towards the end of the 


operation a great as ek of azotic, or nitrogen 
BAS, Comes Over. 


§ 513. 

Hence the radical of nitric acid is capable of 
various degrees of oxygenation. The firft and 
loweft degree forms the bafis of the gafeous oxyd 
of azot (§ 512); the next conftitutes the bafis of 
nitrous gas (§ 510); the third produces nitrous 
acid ($ 496); and the fourth and laft generates 
the nitric acid ($ 470). 


8 514. 

Azotic gas has no influence on nitrous gas, and 
neither of thefe airs a& upon each other. The 
nitrous gas is likewife not affected by the carbonic, . 
‚ hydrogen, fulphureous, and ammoniacal gafes; it 

is, therefore, not decompofed by any of the com- 
mon non-refpirable kinds of air. Oxygen gas 
alone is ‘capable of decompofing it; as, on the , 
other hand, this laft is itfelf decompofed by the 
‘nitrous gas (§ 506, 507). For this reafon nitrous gas 
has been propofed and employed in eudiometers, 
to afcertain what quantity of oxygen gas may be 
_ contained in. any given portion of atmofpherical 
air (§ 220). This method of examining the air 
does not, however, afford refults fo conflant as to 

as be : 
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be always depended on; though the inftruments 
contrived by Fontana and Ingenhoufz*, and the 


way of managing them, have arrived to very high 
perfection. 


* See Experiments upon Vegetables, &c. by Fobn Ingen- 
houfz, 8vo. Lond. 1779. Part 2, fect. 1, page 149; 
where the Doétor has fully explained the conftruftion 
and ufe of Fontana’s eudiometer —Ed. 


83515. 

Neither carbon ($ 230), nor fulphur, decompofe 
nitric acid in the cold; but they do it in heat, if 
the acid be very concentrated, though flowly and 
with difficulty. When combined with hydrogen, 
carbon, as well as fulphur, decompofe the nitric 
acid with much greater facility. As to carbon, 
this is proved by vegetable and animal fubftances, 
fuch as fugar, oil, &c. which, even in a mo- 
derate warmth, change the. nitric acid to nitrous 
gas. As to fulphur, this is fhewn by the fulphurated 
hydrogen gas ($ 447), which is decompofed by 
concentrated nitric acid, and decompofes it in its 
turn. Even the fulphureous gas (§ 433) imbibes 
oxygen from nitric acid; and brown vitriolic acid 
may foon be rendered colourlefs by the addition of 
nitric acid, and by the heat arifing from the mix- 
ture. Yet it would be improper to call this treat- 
ment a purification of fulphuric acid, 


1.9 Total 
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Total Decompofition of Nitric Acid. 


Detonation. 


8 516. 

‘Since charcoal, at the temperature of ignition, 
totally deprives the nitric acid of its oxygen, for 
which it exerts a ftronger attraction, we can by 
ignited coals effect a complete -decompofition of 
that acid, and feparate its radical. But in order 
that nitric acid may be heated to rednefs, it ought ~ 
to be in a fixed ftate, as it exifts in the nitrat of 

- pot-afh by means of the vegetable alkali, 


$ 517: 

Nitrat of pot-afh, which by itfelf melts quietly 
in heat, ıs immediately ignited with noife, if it be 
brought into contaét with burning charcoal, or if 
this laft be added to it when ın red-hot fufion, 
This rapid inflammation, which 1s a decompofition 
‘of the nitrat of pot-ath expofed to heat with com- 
buftible matters, 1s called detonation of nitre, 


§ 518. 

"Beldes charcoal, fulphur, and phofphorus, nearly 
all the metals, and in general all inflammable mat- 
ters, caufe the nitrat.of pot-afh to detonate when in 

the ftate of red-heat, 


2 1 § 519. 
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§ 519. 

The combuftion of inflammable bodies by de- 
tonation is performed more brifkly, more rapidly, 
and with a brighter light, than it commonly is in 
atmofpheric air; and it entirely refembles the com- 
‘puftion of thefe bodies in pure oxygen gas. The 
neutral falt is deftroyed by it, and only the vegetable 
alkali remains; which may, indeed, be more or lefs 
altered by a new acid, the carbonic, which is ge- 
nerated in the procefs, to the produétion of which 
the. combuftible body gave the -radical, viz. the 
carbon, and the nitric acid afforded the oxygen. 


Experiments: By detonating nitrat of pot-ath with char- 
coal, and with fulphur. 


6.520," 

Tf, therefore, upon nitre melted in a red-hot cru- 
cible powdered charcoal be thrown till it ‚ceafes to 
detonate, the remaining vegetable alkali is but ‚par- 
tially carbonated, becaufe part of the carbonic acid 
4s again driven out by the ignition.. That alkali is 
‚ unneceflarily diftinguifhed from Pure pot-afh by tbe 
name of jixed nitre, or alkaline faltpetre (nitrum 
fxum), or by the name of Glauber’s alkahef — 
(liquor nitri fixi), after it has deliquefced in the 
ar, - | , 


yee N 
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Bice T. 
If, inftead of charcoal, fulphur be employed in 
‚this experiment, a lively detonation likewife takes 
plate, and the remaining. alkali becomes a fulphat. 
. By this it is plain, that in a red-heat fulphur has a 
hearer afhnity with oxygen than azot, the radical of 
nitric acid, 


Baumes quick-flux, 


Yo ai, OS Be 
The inflammation of gun-powder ( polis pyrius) 
is in like manner a true detonation of nitre, by 
- means of its coaly and fulphureous parts. 


Its goodnefs depends on the purity of its in- 
' gredients, on their accurate and intimate incorpora- 
tion, and on their due proportion to each other. 
“Yet the proportion of thefe materials varies ac- 
“cording to the ufe for which gun-powder is in- 
tended. Ufually it is made up of 75 parts of 
“nitre, 16 of charcoal, and from 9 to ro of ful-. 
phur. Sulphur is neceflary to caufe the ead to 
sia fire more readily. 


Thefe medien are, in gun-powder-mills, re- 
duced to’a pulveruient ftate by ftamping, and finely 
ground together, cautioufly moiftening the mafs 
from time to time, to impede its flying off in duft; 
and, what is of the utmoft confequence, to prevent 
| ERS 
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explofion. Too much moifture is hurtful, as it. 
ditTolves and walhes away the nitre. The powder- 
pafle, thus prepared, is afterwards grained; and 
laftly, for nicer purpofes, ers or polifhed. — 


Spa3 

Another remarkable compofition of this kind ; is 
the fulminating -powder, which has this particular 
property, that without being confined, and even in 
fmall quantity, it deflagrates with violent explo- 
fion, if held in a fpoon on ignited coals, and gras 

dually heated, till the fulphur is fet on fire. Its 
ingredients are three parts of nitre, two parts of 
dry falt of tartar (pure vegetable alkali), and one 
part of fulphur, very finely triturated, and well 
mingled together. | 


$ 524. 

That we may be enabled. to judge of what be- 
comes of the nitric acid decompofed on the -de- 
tonation of nitre (§ 519, 520), it is neceflary that 
the operation fhould be performed in clofed ie 
connected aD. the pneumatic apparatus. 


aN mafs mingled of one part of powdered char- 
coal, and three parts of nitre, is the moft proper 
for that purpofe. The addition of fulphur muft 
be avoided, as otherwife the explofion would be 
too violent. A portion of the above maß, mo- 
gerately moiftened, 1s BAER into the clofed end of 
a gun- 
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a gun-barrel, and clofely rammed m. This end 
of the barrel is laid’ upon ignited charcoal, while | 
the whole barrel is much inclined, -and ‘its aper- 
ture placed beneath the funnel of the pneumatic 
trough, filled with hot: water. 


As foon as the end of the mufket, containing 
the materials to be detonated, becomes red-hot, 
_ the detonation begins, extending gradually through- 
out the whole mafs, and accompanied by a vehe- 
ment and copious extrication of gas.—When, after 
the end of the experiment, the nitre remaining in 
the barrel is examined, it is found totally decom- 
pofed, and in its place a carbonat of pot-afh Is 
‚left, together with a greater or fmaller portion of 
unburnt coal.—The gas that pafled Over, 1 is coms 
pofed of carbonic and azotic gas. | 


8525. 

Since the produétion of carbonic acid, in this 
inftance, cannot be explained but on the hypo- 
thefis that the carbon attrads oxygen from the 
nitric acid (efpecially as all the ‘nitric “acid en- 
tirely difappears, fo much fo that even the water 
of the trough contains no portion of it), and fince 
a large quantity of nitrogen gas is extricated on 
this experiment, it follows that azot, or nitrogen, 
“is. the radical or acidifiable bafis of nitric acid. 


P 


“ 


As 
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As the quantity of carbonic acid generated by 
this procefs, and alfo the quantity of charcoal 
confumed, may be afcertained, it is poffible to 
decide upon the proportion of oxygen to nitrogen 
in the very concentrated nitric acid contained in 
the nitrat of pot-afh. For the proportion of car- 
bon to oxygen in the carbonic acid being known 
(§ 225), it is, together with the quantity of the col- _ 
lected azotic gas, a datum from which to draw the 
conclufion.—According to Lavoifer’s ftatement, 
0,205 parts of nitrogen, and 0,795 of oxygen, 
are combined in nitric acid, or nearly fo. 


§ 526. 

Hence axot-is the acidifiable bafis of nitric acid; 
and it aflumes various forms, and is of a different 
nature, according as it is combined with various 
quantities of oxygen.—With about four parts of 
oxygen it. conftitutes the nitric acid; with about 
three the nitrous acid; with nearly two parts of 
oxygen it makes the bafis of nitrous gas; and 
with little more than an equal part it is the bafis 
of the gazeous oxyd of azot’ ( § 513). 

In the phlogiftic fiflem, azot, or nitrogén, isa compound 
of phlogifton, and a peculiar bafis of its own. 


. | S 527: 

The above theory is confirmed by the fact, that 
nitrous gas, when paffing through a-red-hot gun- 
barrel, is totally changed into azotic gas, becaufe 

ar the 
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the ignited metal takes up entirely that portion 

of oxygen, which ftll remained as part of the 

nitrous gas. BE Sy gar 
| 8 528. 

By this doätrine is moreover explained: firft, the 
total deftru&tion, or rather decompofition, of the 
nitrat of ammoniac, when expofed by itfelf to red- 
heat ($ 481), and its transformation into water 
and nitrogen gas; as likewifé the converfion of li- 
quid ammoniac into nitrous gas, if it be made to 
pafs, by diftillation, through a tube full of native 
oxyd of manganefe ignited to rednefs. 


SiGRD 

A fynthetical proof that nitric acid is really 
formed by the mixture flated above, 1s afforded by 
an experiment made by Mr. Cavendi/h*. This 
gentleman obferved, that the volume of a mixture 
of feven parts of oxygen gas with three parts of the 
azotic, and confined: by an alkaline lye in a glafs- 
tube, was diminifhed by frequently reiterated elec- 
tric fparks; and that the lye had become a nitrat. 
However, it is yet a matter of queftion what fhare 
the electric matter had in that event. 


* For farther particulars fee Mr. Cavendifh’ s papers in 
the Phil. Tranf. vol. 75 and 78.—Ed. 


$ 530. 
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$ 530. 

Thus much, however, feems to be a decided, in- 
controvertible fa&, that on the putrefaction of or- 
ganic bodies, azot, one of their conflituent parts, 
{pontaneoufly unites with oxygen, which is yielded 
by water, or the atmofphere, ‘to form by this com- 
bination nitric acid; which, in this refpet, might 
be called a product of putrefaction. But the rea- 
fon why oxygen and azotic gas produce no nitric 
acid by fimple mixture, confifts in the ftrong: afk- 
nity of their refpective bafes to the caloric, with 
which they are united in thefe two gafes. 


S$ 53. 
Thefe premifes being eftablifhed, it is eafy to 
explain the theory of detonation according to the 
antiphlogiftic fyftem. 


The nitrat"of pot-afh difengages in a red-heat 
oxygen gas ($ 497), which caufes the brifk com- 
_ buftion of the inflammable fubftances. In the tem- 
perature, which then takes place, the. combuftible 
fubftance feizes all the oxygen of the nitric acid, 
whofe radical, nitrogen, is fet free, and flies off in 
the form of azotic gas. Thus the acid of this 
nitrat is completely decompofed. To account for 
the ftrong heat arifing on detonation, we find a 
fuficient caufe in the great quantity of caloric, 
which the nitric acid of the nitrat of pot-afh. ftill 

contains 
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contains in a fixed ftate, and which is not altogether 
employed for the formation of tke gafes which are 
then generated. | 


Yet the phenomena obferved on detonation can- 
not ftri@tly be deduced from that portion of oxy- 
gen gas, which 1s extricated from the nitrat of pot- 
afh; they rather depend on the nitric acid itfelf, 
which in a red-heat ignites the combuftible fub- 
ftance by its oxygen, even before this radical is 
difengaged in the aerial form. Laftly, it is not 
difficult toexplain, by thefe obfervations, why, by. 
means of nitre, the combuftion may be carried on 
in clofed veffels without any external air at all. 


_ The caufe of the dreadfully great power exerted 
by gun-powder, when inflamed in a confined fpace, 
‚lies in the extreme rapidity with which the com- 
buftion fpreads throughout its mafs; in the quan- 
tity of nitrogen and carbonic gafes which are then 
fo fuddenly generated; in the elafticity, great be- 
yond all computation, which that gas muft receive 
by the immenfe quantity of caloric becoming free 
at the fame time; and, finally, in the expanfıve 
power of the laft in the moment of regaining its 
hberty. - 
§ 532. 

In the deflagration of fulminating powder (§ 523) 
there is no doubt but that, on its gradual melting, 
fulphurated hydrogen gas (§ 447) 1s produced from 

the 
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the alkaline fulphutet (by virtue of the water con- 
tained in the nitrat of pot-afh and in the alkali) ; 
or rather, that this gas, being then nafcent, and at 
the firft period of its generation, produces a ful- 
-minating air by combining with the oxygen gas, dif- 
engaged from the nitrat of pot-afh. 


Muriatic Acid. 


| $ 533- 

If upon common’ culinary alt falphuric acid be 
poured, a confiderable heat and ebullition inftantly 
arıfe, and copious whitifh fumes are extricated, of 
a peculiar acid and pungent tafte and fmell.—If | 
thefe fumes be collected by diftillation, and con- 
denfed with as little. water as poffible, an acid liquid 
ts obtained, which 1s fold in the fhops by the name 


of /moking Spirit of falt ema be Jumans 
Glauberi). 


® $ 534- 

This four fluid-is an acid of a peculiar kind, 
which, from the falt from which it is procured, has 
received the name of mwriatic acid, marine acid, . 
or acid of fea-falt. But becaufe the acid thus 
procured, is but an imperfect acid, ‘as will be fhewn 
hereafter, and becaufe its radical is fufceptible of 


an higher age of faturation with oxygen, I call it 
‘muriatous 
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muriatous acid* (§ 376), and make ufe of the 


expreffion, muriatic acid, to indicate that higher 
degree of oxygenation. 


* Notwithftanding this, the term muriatous has, in this 
tranflation, been fupprefled; and the expreflion mz- 
riatic acid, as well as its correlative term, oxygenated 
muriatic acid, conftantly ufed. ‘For the motives of fo 
doing, the reader is defired to refer to the Preface.— 
Editor. i 


§ 535. 

The beft way of diftilling the muriatic acid is 
from a tubulated glafs-retort lodged in a warm 
fand-bath, containing two parts of common falt, 
-and connected with feveral collateral receivers, like 
the middle bottles of the pneumatic apparatus 
($ 128), every one of them having a {mall quan- 
tity of water introduced, All their junétures are 
well luted; but-the tube of the laft bottle muft 
have communication with the outer air. 


When every thing is thus prepared, a third part 
of fulphuric acid is poured upon the two parts of 
falt through the tubular aperture of the retort, but 
very gradually, little by little; or ftill better, if it 
be fuffered to drop into the retort by means of a 
funnel faftened to its tubular aperture, and whofe 
inner opening may at pleafure be clofed wholly, or 
in part only. No ftrong degree of heat is neceflary 

' to 
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to drive this acid over. Water fhould be put 
into the receivers, or elfe the vitriolic acid mutt 
be diluted with water, as without this precau- 
tion the muriatic acid could never be collected 
in the liquid. form. | 


$ 536. 

The refiduum of this diftillation, in the retort, 
is fulphat of foda. By this it appears, that 
the culinary falt is a neutral falt, .compofed of 
foda, and the above BL acid. 


$ 537- 

The liquid acid obtained by this ste can 
never, on account of the neceflary addition of 
water, be fo much concentrated as the nitric 
acid. It is properly colourlefs; and if fuffi- 
ciently concentrated, emits whitifh fumes on ex- 
pofure to air. The yellow colour of the muri- 
atic acid of the fhops is owing to ferruginous par- 
ticles. This laft is prepared in a manner that 
cannot be approved of: viz. by diftilling com- 
mon falt with calcined green vitriol, and putting 
. water. into the recipients. | 


$ 538. 

Strictly fpeaking, this acid on being extricated 
from common falt by ‘concentrated fulphuric 
acıd, comes over in the form of gas; which is 

VOL. I. Rios again 
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again decompofed by the water of the receivers 
; ’ % 
imbibing its bafıs. 


Phas’ pas is ER by. Bepechtinnfly ae 
the aperture of the retort underneath the funnel 
of the quick-filver trough ($ 126); and duly col- 
lecting the rifing bubbles. ‘It is called muriatic 
acid gas; 1s very four, its bafis being the mu- 
riatic acid. It is. fuffocating, and unfit for. main- 
taining combuftion.. It is immediately imbibed 
by water, and this. fluid becomes thereby liquid 
‘muriatic acid. Alkalis, lime-water, and the like, 
abforb it rapidly, and lofe by this their alkalıne 
qualities. 


With atmofpherical air and oxygen gas, it 
forms whitifh clouds. If ammoniacal gas be mixed 
with it, and heat applied, both gafes lofe in a 
moment their aerial form, and are transformed. | 
to a concrete falt. (Sal ammoniac). Muriatic , 
acid gas is not atted. upon by carbonic and 
nitrogen gas; nor by pure and fulphurated hy- 
drogen gas, nor by the fulphureous and nitrous 
gafes ; provided they be not moitt. 

The expreflion muriatic acid gas is taken from the New 


French Nomenclature:—The author calls it muri~ 
atous gas—Edit. 


$ 539. 
The neutraland middle falts arifing from muriatic 
acid are the following : 


3 ake wont | 
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1. Muriat of pot-a/h, a falt of a pure faline tafte, 
forming cubic permanent cryftals ; which are foluble 
in three parts of cold water, contain, according to 
Bergman, 0,31 muriatic acid, 0,61 pot-afh, and 
0,08 of water, and decrepitate in fire; but melt 
only inared heat. 


Synonyma Digeftive falt, febrifuge falt of Sylvius. 


AL RE 

2. Of.all falts the moft generally known, and 
“ moft abounding in nature is muriat of foda, or 
common falt. The primitive figure of its cryftals is ~ 
a cube; but the fmaller cubic cryftals, on eva- 
porating the folution, ufually affume the fecondary 
form ‚of hollow tetrahedrons. The tafte of this 
falt is purely faline. Its cryftals, if completely 
pure, do not decay in the air, and contain, accord- 
ing to Bergman, 0,52 of muriatic acid, 0,42 of 
foda, and 0,06 of water of cryftallization ; though 
the quantity of ‘the laft is obvioufly ftated too 
{mall. At a moderate temperature thefe ih, re- 
uire 27 of cold, and of boiling water 21} parts 

for folution. They cannot, therefore, be cryital- 
lized by cooling. When thrown on the. fire, they 
decrepitate or crackle, becaufe their water is not 
fufficient to diflolve the falt. In a ftrong red-heat 
this falt melts; its acid, however, cannot be ex- 
pelled, nor can the foda be feparated from it, by 
this means alone, in its pure alkaline ftate, In a 
32 » white-- 
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white-heat, this falt is entirely volatile, and on this 
property the manner of glazing ftone-ware is 
founded (§336.) ; 


§ 541. 

Nature produces this neutral falt partly ready 
formed and undefiled as rock-falt (fal gemmae) 
and offers it in the mines in folid lumps; feldom 
cryftallized ; more or lefs tranfparent, and of vari- 
ous colours. It is found in feveral countries, as in 
England, Gallicia, Hungary, Tranfylvania, Mol- 
-davia, &c. in ftrata of confiderable thicknefs. It is 
alfo found either embodied with earths, efpecially 
" gypfum, as falt-/lone ; or diffolved as in fea-water, 
or on land, in brine-/prings ; from which it is pro- 
cured by evaporation; receiving thence various names 
of fea-falt, bay-falt, &c. aad 

§ 542. 

From the degree of folubility of the muriat of 
foda (§ 540), it is plain, that no brine-fpring can 
contain more of it, than 4,1943 ounces in the pound 
(of 16 ounces). The quantity ‘of Lali contained in 
the natural falt fprings, or their richne/s, is ex» 
preffed either by loths, viz. half-ounces' of falt, 
which are contained in the pound, gallon, or any: 
other fixed ftandard meafure, or better by fo much’ 
per cent. and is afcertained either hydroftatically by 
 arcomelers, or chemicaliy—None of the known’ 


brine-fprings is’ a thio of pure muriat of foda; 
ee 


Chap. Vil Muriatie Acid. - ‘. 298 


but all of them contain, befides, fome extraneous 
falts, and other heterogenous fubftances, particu- 
larly gypfum, muriat of magnefia, muriat of lime, 
fulphat of magnefia; all of which may contribute 
more or lefs to the impurities impairing the brine. 


$ 543- 3 
If falt-fprings contain a fufficient quantity Hf falt, 
it is diretly feparated by evaporating the water; 
which procefs is performed in large shea dhe iron pans 
or boilers, called foves. 


The brine is firft clarified with bullock’s blood 
and /cummed off. When after farther evaporation 
the faline pellicle appears on the furface, or if the 
brine begins to grain, the heat is fo regulated, that 
the vapours continually break the faline cruft, and 
thus occafion its finking to the bottom. The pre- 
cipitating falt is next taken out with perforated. 
ladles and put into bafkets, that the adhering brine 
may run off; and is laftly dried in well heated 
chambers. If this firft precipitating falt be impure, 
it is collected by itfelf, | 


The lye remaining laft in the boiler fmother- 
water) ‚contains the not-cryftallizable falts of the 
fpring; ufyally fome muriat of magnefia, or as is 
the cafe with ours (at Halle in Saxony) muriat 
of lime. Their accumulation in the boilers, 
Per without cleaning them, frefh quantities of 


rg _ »brine 
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brine are continually boiled, always makes the falt 
that is obtained more and more deliquefcent and — 
bitter. And the cruft (called /chlot by the work- 
men), which is there formed, confilts of various 
fubftances ; ; and may contain gypfum, carbonat of 
lime, fulphat of magnefia, and a greater or {maller 
portion of muriated 


§ 544. | 
Ifthe falt-fprings be too poor, and require too 
great an expence of fuel to extract their falt, part 
of the fuper-abundant water is evaporated by the 
afiftance of atmofpherical warmth, in particular 
buildings called graduating houfes. And in order 
to give to the water the greateft poffible furface, 
it is pumped up, and made to drop or trickle down 
through brufh-wood in the form of rain; in which 
ftate the air penetrating from all quarters, greatly 
accelerates the evaporation, while by particular 
contrivances the brine is fheltered againft winds and 
weather. 3 


A dry and warm feafon is chofen for this opera- 
tion. When thus fufficiently diminifhed, the re- 
maining water is finally evaporated in the boilers 
(Sie aah od ie. incruftations formed on the faggots 
and fides of the wooden pans colle@ing the falt- 
water, trickling down from the top of the building, — 
confift chiefly of gypfum ; but may alfo contain 

carbonat of lime, and carbonated’ oxyd of iron.— 
| However, 
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However, the falt obtained from a brine, thus 
graduated, is not always purer, than what is pro- 
cured without that operation. | 


i 
S545: 

In. fome parts. of Upper. Germany, cavities. or 
ditches are dug in the falt-mines, and fweet water 
conveyed there, for the purpofe of making, ın that 
way, artificial brines ; which afterwards are eva- 


porated by boiling. 
| § 546. 


From the fea-water common falt. is moftly ob- 
tained by {pontaneous evaporation in warmer cli- 
mates, and in a warm and dry feafon. This “is 
done in,falt-pits, as they are called, or flat pieces 
of ground clofe to the fea-fhore, banked round, to 
prevent their being overflowed at high-water, and 
divided into feveral compartments. When the 
cruit is formed by evaporation, the workmen break 
it, rake it’out occafionally, and let it dry in heaps. 
In this ftate it is called bay-/alt ; which is farther 
refined and cleared from impurities, by being again 
- diffolved, and evaporated upon the fire. The wa- 
ter of the ocean is not every where equally rich‘ 
in falt ; towards the equator and at a great depth, 
it contains more than at higher latitudes, and 
near the furface. N 
* There are alfo fome natural falt-lakes, as the Feltonic 


“4 ‘ 
in the Ruffian dominions near Saratow and Dmitrew/é. 
u 4 Their 
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- Their falt is not different from bay-falt; except by 
the cafual intervention of fome other fubftances.— 
Edit. 


§ 547. 

The muriats of foda, of whatever kind, whether 
obtained from rock-falt, fea-falt, or from falt- 
‘{prings, are not effentially different from each other; 
their difference confifts’ merely in the different ad- 
hering extraneous matters. The falt in the ftate 
in which it is commonly fold, is indeed hardly ever 
pure; being ufually contaminated with the mu- 
riats of lime or of magnefia; and under thefe 


circumftances it is more or lefs difpofed to grow _ | 


moift and to deliquefce. Its folution is therefore 
rendered turbid by carbonated fixed alkali; which 
is never the cafe with Hes muriat of foda. 


§ ae 


Muriatic acid has a lefs affinity with ER than 
with pot-afh ; hence the murlat of foda is, de- 
compofed by the latter * *).—The procefs fucceeds 
beft in winter. The alkaline part of the pot-afh 
fhould equal the weight of the dry culinary falt. 
If common pot-afh is ufed, vitriolated tartar {e- 
parates firft (§ 643). And as the foda cryftallizes 
only after complete refrigeration, the lading over 
of the lye, while yet warm, from veflel to. veffel, 
affords an expedient to part the digeftive falt (§ 
539) from the mineral alkali, Thofe, who are 


aware _ 
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- aware of the quantities of carbonic acid and 
water contained in the carbonat of foda (§ 360), 
which is the refult of the operation, cannot 
wonder that more of it is obtained, than the 
muriat, employed for that purpofe, amounted to. 


* What follows after *), the editor thought ufeful to 
transfer from the author’s larger work.—Mr. Weßrumb 
has likewife given an able differtation on that fubjed. 
—Edit, 


§ 549. 

3. Muriatic acid, when faturated with ammo- 
niac, forms muriat of ammoniac or common Jal- 
ammoniac: a neutral falt, exciting a pungent, and 
in fome manner urinous tafte, fhooting into double 
plumous or feathered cryftals, which are properly 
an aggregate of tetrahedrons. This falt is of eafy 
folution in water, requiring at a moderate tempe- 
rature of 50° Farenh. 2,727 parts of water, and 
on boiling, about equal parts. The cryitals con-. 
tinue unaltered in the air.—This falt is volatile 
in the fire, and may be fublimed, in loofe flowers 
of fal-ammoniac if the fire be weak; but in 
compact cakes, if {tronger. 


§ 550. 
. Sal-ammoniac is certainly found native in vari- 
ous places, particularly as a volcanic produkt; but 
that of commerce is obtained by art. Till lately 


no 
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no other faCtitious fal-ammoniac was known, than 
that which came from Egypt; where, for many 
centuries paft, it has been prepared by fublimation 
from the foot of burnt camel’s dung. The Egyp- 
tian muriat of ammoniac is brought to-us in 
round convex and concave lumps or cakes, foiled 
in various degrees with particles of foot on their 
furface.—Of late it has been attempted in Europe, 
to combine the component principles’ of fal-am- 
moniac in a fecondary way (for example, fulphat 
of ammonia~ with muriat of foda), in-fuch a 
manner, that its price may, not be too great. 


| $ 551. | 

Both the fixed alkalıs immediately decompofe 
the muriat of ammoniac, becaufe the muriatic acid | 
has not fogreat an attraction for the volatile, as for 
the two other alkalis, foda and pot-alh. Even fim- 
ple trituration with either of them decompofes it. 


Englife fnelling bottles, (. “fel poignant a’ Angleterre.) 


N 552- 

Muriat of lime, or the combination of cal- 
careous earth with muriatic acid, is a very deli- 
quefcent middle-falt ; of a difagreeable bitter tafte, 
not parting with its acid in the fire. It is found 
native in feveral waters and fome brine-fprings, as 
in that of Malle, and many render common. falt 
_ deliquefcent, if adhering to it (8547). 


' Synonyma: — 
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Synonyma: fixed fal-ammoniac, oil of lime (oleum calcis) 
and by fome marine jelenite. 


| 3.553. 

As the two fixed alkalis, pot-afh and foda, have 
a ftronger attraction for the muriatic acid, than 
calcareous earth is pofleffed of; either of them de- ~ 
compofes the muriat of lime.—Ammoniac, on 
the contrary, has a lefs affinity with that acid than 
lime ; hence fal-ammoniac 1s decompofed by cal- 
careous earth. On this principle depends the ufual 
method of preparing liquid ammonidc ($ 237), or 
“cauftic fpirit of fal-ammoniac, (fpiritus falis am- 
moniaci cum calce viva, alkali fluor.) 


‚ To obtain it in the moft commodious way, 
three parts of lime, juft flacked in the air, are 
introduced into a glafs retort, together with one 
part of fal-ammoniac; a receiver, containing one 
. part of water, is then luted to the retort, and the 
diftillation is cautioufly performed on a fand bath. 
The refidual: mafs in the retort is-muriat of lime, 
together with fome unchanged calcareous earth. 
‚It melts in a red-heat, and yields, after congealing, 
Homberg’s phofphorus ; which gives light in the 
dark, when violently {truck upon, or when fcratch- 
ed with ‘an iron wire ; but foon lofes this property 
in moift air. * | 


+ 


8 554. 


300 © Mineral Acids, &e. | [Chap. V. 


S554 

5., The muriat of magnefa is likewife an ex- - 

tremely deliquefcent middle-falt, of a very fharp 

and bitterifh tafte. In a red-heat it abandons its 

acid; but the laft portions of it with greater dif- 
ficulty. : | 


Synonyma : magnefian marine falt. 


$ 555: 
Pot-afh and foda feparate the magnefian earth 
' from muriatic acid.—Ammoniac produces the fame 
effekt ; but only imperfectly, forming rather with 
the magnefian muriat a triple falt (ammoniucal 
muriat of magnefia)—Lime-water precipitates 
the magnefia from the muriatic acid which held 
it in folution, 


§ 556. 


This middle falt abounds in nature, particu- 
tarly in mineral waters, and falt-fprings, having its 
fhare in forming their mother water (§ 543). It is 
likewife contained in the wafers of-the ocean, and 
is the chief caufe of the bitternefs of fea-water. 

2557 
6. Muriat of alumine, or argil, is harfh and 
aftringent to the tafte, cannot be eryftallized, 
and is very deliquefcent. Ignition decompofes ~ 
this middle-falt. All alkalis, lime-water and mag- _ 
: nefia, — 


# 
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nefia, feparate the aluminous earth from its com- 
bination with muriatic acid. 

Synonyma :—drgillaceous marine fait. 


§ 558: 
». Muriat of barytes forms a middle-falt in 


tabular cryftals, of a bitter tafte, foluble in fix 


parts of water in a mean temperature, and not af- 
fected by the influence of the atmofphere, either 
to deliquefce or efflorefce. A red-heat drives out 

its acid. | 
„  Synonyma:—Ponderous marine falt. (Terra  ponderofa 
Jalita.) 

$ 559- | 

© Neither the fixed alkalis, nor the volatile, when 
pure, decompofe the muriat of barytes; though 
the carbonated alkalis do it by means of double or 
intermediate affinity (§ 50). Thus alfo lime, mag- 
nefia and alumine, are unable to feparate the acid 
from the barytic muriat. Hence. ponderous 
earth has of all alkaline or earthy fubftances 
($ 279. 300) the greateft affinity with muriatic 


acid; and is therefore placed directly under that 
acid, in the tables of elective attractions. 


$ 560. 
8. Stontian-earth is without difficulty diffolved 
by muratic acid. The muriat of Strontian- 
earth, produced by this’ combination, forms by 


flow imperceptible evaporation long permanent 


cryftals, 


\ 
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eryftals, tafting bitter, eafily foluble in water, and _ 
conftituting fix-fided prifms of alternate broad . 
and narrow lateral furfaces, with three-fided py- 
ramidal terminations. ‘Their acid is not feparated 
by fire. The place, which, in the lift. of affini- 
ties with muriatic acid, is due to Strontian-earth, 
is not yet- exactly determined. 


§ 561. 


g. Circon-earth is foluble in muriatic acid; 
but the properties of the muriat of circon-carth 
are {till unknown. ; 


§ 662. 

‘yo. According to Wedgwood, the muriatic is 
the only acid capable of diffolving auftral-earth, 
and requires for that purpofe the affiftance of 
boiling heat. The faturated folution of this mz- 

riat of auftral-earth 1s not cryftallizable, and is 
again decompofed by mere affufion of water fire 
alfo expels the acid. 


This fection might have been fpared.—See note to 
$ 349.—Edit. 


8,563. | 
In the graduated arrangement of affinities, 
—refpeCting alkalis and earths, the muriatic acid is 
‘by far fuperior to the carbonic ; and all carbonats, 
whether neutral or middle-falts, effervefce with 
“muriatic acid. 
| of 


Chap. v.] _Muriatic Acid. 303 


Of the decompofitions of both kinds of neu- 
tral and middle-falts, by means of intervening 
double affinity, will be noticed in this place. — 
Firf, the decompofition of muriat of foda by 
carbonated pot-afh, and the method thence de- 
rived of obtaining carbonat of foda, though it is 

not an eafy tafk to feparate the muriat of pot- 
ath from the latter. © | : 

Secondly, the decompofition of muriat of am- 
moniac. by carbonated poft-afh, and the method 
founded thereon’ of procuring. carbonat of ammo- 
niac, both in the liquid form ( Spiritus Salis am- 
moniaci fartari/atus) and in the concrete or folid 
ftate (fal volatile falis ammoniaci), which i is done 
by diftilling one part of pulverized fal-ammoniac 
with three parts of vegetable alkali in a glafs 
retort: adding water, if the liquid ftate, and - 
emitting the water if the concrete ftate of the. 
_ carbonated ammoniac be intended; in which laft 
cafe it 1s properly a fublimation. 


Thirdly, the decompofition of muriat of lime 
by alkine carbonats; of the muriat of magneha 
by the carbonats of pot-afh and of foda; and 
the method, which depends on it, ‘of obtaining, 
in a profitable way, the carbonated magnefia from 
the mother-lye of various falt-{prings. 

Laftly, the decompofition of the muriat of ba- . 
rytes, and muriat of Strontian-earth by carbon- 
ated alkalis, and the ite hiiatt of artificial car- 

bonats 
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bonats of barytes and Strontian-earth, byl this 
decompofition of their muriats. 


* The chemical LEG, the folutions of muriat of 
lime, and of carbonat of pot-aflı be made with as‘ 
little water as poffible, and added in due proportion, 
thefe'two fluids coagulate to a jelly-like fubftance, 
becoming more and more folid, and at laft quite 

' hard. This is the chemical wonder mentioned by ne 
author.—Edit. ; 


§ 564. 

As to affinity with alkalis and earths, the mu- 
riatic acid is inferior to Sulphuric acid; as the 
expulfion of muriatic acid from common falt, ef- 
fected by the fulphuric, fufficiently proves, (§": 535) 
The muriat of barytes is for this reafon a re- 
agent, ferving to difcover the prefence of ful- 
phuric acid in any fluid *. 

* Hence the barytic muriat isa re-agent, of great ufe for 


purifying the muriatic acid itfelf from the fulphuric, 
which it often contains. —Edit. | 


Of the reciprocal Fs ee of neutral and. 
middle-falts formed. by the fulphuric and muri- 
atic acids, we mention the following: r. The 
decompofition of muriat of foda by fulphat of 
ammoniac, and the preparation of fal-ammoniac 
and Glauber’s falt thereon eftablifhed (§ 550). 
2. The decompofition of muriat of foda; by ful- 
phat of magnefia in a freezing. cold, and the 
cheap extraction of Glauber’s-falt from the in- 

| cruftations — 
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cruflations formed in the boilers by fuch_ brine- 
fprings as contain fulphat of magnefia (§ 403); 
and alfo the formation of Glauber’s falt, or ful- 
phat of foda in thofe falt-fprings in time of 
froft. 3. The decompofition of muriat of . lime 
by fulphat of foda, or of magnefia; and 4, The 
decompofition of the muriat of barytes by all 
fulphäts, either of the neutral or middle kind, 

EE Os ire ee 

The nitric acid poffeffes likewife a nearer af- 
finity with alkalis and earths, than the muriatic 
acid. Its fuperiority in this refpect is, ROWSE 
not very Se 

§ 566. 

From analogy it might be concluded, that 
“muriatic acid, like the fulphuric and _ nitric; is 
compofed of a peculiar bafıs of its own, and oxy- 
gen. But chemifts have not as yet fucceeded 
in exhibiting the firft by itfelf, and feparating 
the laft from it. Hence the radical of muriatic 
acid remains fill unknown (§ 271). Girtanner 
thinks he has difcovered, that this radical is 
hydrogen, and Armet even fuppofes it to be the 
metal zinc. 


ee Muriatic Acid. 
§ :567- 


- The radical of the muriatic acid may be com- 
BR: a ftill greater portion of oxygen, and 
VOL. I. See | appears — 
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appears then in a different condition, of differ- 

ent qualities and difpofitions towards other fub- 
ftarices. It thus becomes a perfec& acid, and has 

therefore been ealled oxygenated muriatic acid*. 


> 


Synonym.—Dephlogifticated marine acid. 


* The author does not approve of this appellation ; he 
ealls it fimply muriatic acid, to diftinguith it from its 
imperfect ftate, wherein he calls it muriatous acid 
(§ 534). He appeals to (277) where he afferted it 
to. be a falfe fuppofition, that any acidifiable bafıs 
may be over-faturated with oxygen; amd is in the 
opinion of the tranflator quite right ‘in this idea. 
The tranflator, however, not prefuming to command 
or alter the ufe of language, keeps to the expreffion 
of oxygenated muriatic acid, as adopted in this country, 
from the modern Nomenclature, and leaves it to the 
Englifh chemilts to decide upon this matter.—Ed. 


§ 568. 


To obtain oxygenated muriatic ‘acid, the black 
oxyd of manganefe is employed; which, we know, 
(§ 201) contains a vaft quantity of oxygen, and 
readily gives it up to the murlatic acid—One 
part of it in a pulverulent ftate, is put into a 
retort together. with three parts of concentrated: 
murlatic acid; the retort is next laid m a fand- 
bath, and connected with the pneumatic trough, 
filled with hot water; upon which a gentle heat 
is applied. A kind of effervefcence enfues, and 
after the atmofpheric air of the veflel has come 
ever, an elaftic fluid of a pale yellow colour is 

| ex- 
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extricated ; which is caught and preferved in bot- 
tles, clofed with glafs ftoppers fitted by grinding. | 


| $ 569. 

The expanfible fluid thus obtained. is snot a 
pas, but a vapour, which at a temperature fcarce- 
ly higher than the freezing point congeals to a 
concrete fubftance, in a pointed fpicular form, and 
affumes again the aerial ftate at a raifed tempera- . 
ture.—The elaftic oxygenated muriatic acid pof: 
feffes an uncommonly pungent, fuffocating f{mell ; 
kills in a moment all animals that are immerfed 
in it; is abfolutely and in every refpect non- 
refpirable ; is gradually abforbed by water, forms 
ing with it liquid oxygenated muriatic acid. Ik 
befides does not admit of being confined by 
mercury; becaufe it diffolves this metal, and can 
only be kept. for ufe in bottles with ftoppers of 
glafs, well ground .to fit the aperture ag tightly 
as poffible. 


1c) BST Pei : 
Blue vegetable pigments are not only redden- 
ed by oxygenated muriatic acid; but their co- 
lour, -as well as that of every other of vegetable 
origin, of whatever defcription, is totally deftroyed 
by it. All flowers of variegated colours, and, 
green leaves of plants are, in time, rendered white, 
and difcoloured by this acid. No alkali is capable. 


x 2 of 
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of reftoring their colour when loft. Upon this 
property depends the ufe made of oxygenated mu- 


- riatic acid for bleaching linen and cotton. 


Berthollet has the merit of this difcovery, and Chaptal 
has fkillfully applied it to the reftoring of old papers 
and fullied prints to their former whitenefs. Vide 
his memoir on that fubjeét, in the Mem. of the Paris 
Acad. for the year 1787—Edit. - 


§ 571. 

~ A lighted wax candle continues to burn in the 
elaftic oxygenated muriatic acid; though with a 
diminifhed and duller flame. Phofphorus, char- 
coal, cinnabar, grey antimonial ore, antimony, bif- 
muth, zinc, and feveral other combuftible bo- 
dies reduced to powder, are even fpontaneoufly 
inflamed, when thrown into this elaftic and 
warmed acid.—Thefe inflammable fubftances de- 
prive it of a part of its oxygen, and convert it 
into the imperfect, or muriatic acid. - 


| § 572- 
_ Hydrogen gas affords with oxygenated muriatic — 
acid, when in the. elaftic ftate, a mixture that 
may be fet on fire. The product of the com- 
buftion is liquid muriatic acid. 


/ $ -573- 
Sulphur likewife decompofes the oxygenated 
muriatic acid, converting it into the fimple mu- 
: riatic. 
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riatic.. For the fulphur robs the acid of part of 
its oxygen, and is itfelf converted into fulphuric 
acid.—Sulphurated hydrogen-gas is affeéted in the 
fame manner by that elaitic acid, as by vital 
air (§ 447, 449); fulphur is precipitated, and the 
perfect muriatic acid, united with the hepatic 
water, at the fame time produced, is transformed 
to common muriatic acid. 


8 574. 

Nitrous gas directly produces with. the elaftic 

oxygenated muriatic acid reddifh fumes; and two 

acids, the nitrous, and the common- muriatic, 
are formed. Ä 


| $ 575: 

Azotic gas feems not to act on perfect mu- 
riatic acid.—But ammoniacal gas, if that acid 
be warm and in an elaftic ftate, produces with 
it a kind of combuftion, whereby the ammoniac 
is decompofed, and nitrogen gas, water, and fimple 
-muriatic acid, are generated, 


| RR 56 

The neutral and middle-falts, or. oxygenated 
muriats, which arife from the combination of 
alkalis and earths with perfect muriatic acid, are 
~ effentially different from the fimple muriats, 
formed by thofe alkaline fubftances, and. the 
‘common muriatic acid. RN, 
2% | 1. Oxy- 
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% Oxygenated muriat of pat- af forms per- 
manent, flat cryftals, affuming the fhape of fix- 
fided prifms, obliquely truncated at their ends; 
of a cooling faline tafte; more foluble in hot, 
than in cold water; poflefing likewife the power 
of oxygenated muriatic acid in being deftructive of 
all vegetable pigments; and emitting when heated 
pure oxygen gas, while at the fame time it is 
converted into common muriat of pot-afh. This 
neutral falt, when mingled with charcoal duft, 
and projected into a red hot crucible, caufes a 
violent detonation. It does the fame with ful- 
phur. Triturated together with phofphorus, es 
explofion becomes very dangerous, | 


The experiment, made in France, for fubftituting this 
oxygenated muriat of pot-afh for nitre as an ingre- 
dient in gun-powder, has coft feveral lives. The 
ftrongeft preparation of this kind which the tranflator ~ 
has ever feen, was prepared by Mr. Sandman, who, 
befides the great works he carries on in partnerfhip 
with Mr. Jones and Alder of Ratcliff-highway, pre- 
pares, in the moft {cientific manner, and greateft per- 
fe&ion, all the nicer and finer articles of modern che- 
miftry, and who, though not yet fufficiently known. 
according to his merit, yet by his genius, application, 
and ardent zeal for the fcience, fairly promifes to en- 
rich it with important difcoveries: fome inftances of 
which ini ght even now be given.—Ed. 


Confult Experiments and On on the Be 
and fome remarkable Properties of the Oxygenated Muriat of _ 
Pot-afo. By Thom. Hoyle, jun. in the Memoirs of the 
Mauchefter Society, &c. vol, §.2-Ed. 

RR, | ee re 
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2. The oxygenated muriat of foda is, as to its 
qualities and habitudes, much alike with the 
former. 3. The oxygenated muriat of ammoniac 
cannot exift, according to the arguments given 
$ 575; though Van Mons of Bruffels pretends to 
have made fuch a combination. 4. The oxygen- 
ated muriats, 4, of lime; 5, of mugnefia; 6, of 
alumine; 7, of baryies; 8, of Strontian - -ear th 5 
are not yet fufficiently known. | 

The reader need not be reminded, that the author calls 
thefe compounds fimply muriazs, to diftinguith them 

. from thofe made with common muriatic acid, which 

he calls muriatous, pot-ajh, foda, &c.—Edit. — 


$ 577- 

If liquid oxygenated muriatic acid, contained in 
aretort made of white or cryftal-glafs, and connected 
with the pneumatic apparatus, be expofed to the 
fun’s rays, oxygen gas is difengaged, and the refidue 
is common muriatic acid. 


3.578. 
Oxygen and muriatic acid gas (§ 538) en 


together do not produce oxygenated muriatic acid, 
becaufe their union is prevented by the combination 
of their refpective bafes with the caloric. 


$ 579. “ee 
The acid of the oxygenated muriat of pot- -alh is 
driven off from its combination with the alkalı, by 
means of fulphuric acid. = 
x 4 -  . § 580, 
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§ 580. 


By the procefs for obtaining oxygenated muriatic | 
acid ($ 568), only a part of the common muriatic 
' acid employed is oxygenated, or converted into per- 
fe& acid: for the native oxyd of manganefe gives up 
a part of its oxygen to that acid, which thereby 
‘is rendered elaftic, and efcapes in vapours; while 
the metal, having thus been more difoxyded, ts 
diffelved in the remaining part of the imperfect or 
fimple muriatic acid. | 


Nitro-muriatic Acid, (Aqua regia), 


§ 581. 

‘Nitric acid is likewife deprived of part of its 
oxygen by common muriatic acid; which laft is 
thereby oxygenated.—If, therefore, One or two parts 
of ftrong colourlefs nitric acid be mixed with four 
parts of concentrated marine acid, a great heat and 
effervefcence take place, and an elaftic oxygenated 
muriatic acid is extricated. The mixture exhales 
alfo the odour peculiar to that acid, and aflumes a 
yellow colour. In this ftate it contains nitrous acid, 
combined with oxygenated muriatic acid. 


This combination has by former chemifts re- 
ceived the name of aqua. regis, or regia, and is 
4 7 to 
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to be confidered as mitro-muriatic acid. It de- 
tives its eficacy from that portion of perfect mu- 
riatic acid which it contains; and on that account 
‘it exerts folvent powers different from thofe pof- 
feffed by the common marine acid alone, or the 
nitric acid; namely, it has the power of diffolving 
gold. —This menftruum is alfo prepared -by dıflolv- 
ing fal-ammoniac, or, in its ftead, common culinary 
falt, in nitric acid. 


Fluoric Acid, perfect and imperfect. 


gastos 

When fulphuric acid is poured upon finely 
levigated fluor-/par, a quantity of whitith fumes, 
poflefled of a four tafte and fmell, efcapes; and 
if a plate of glafs be held above thefe clouds, 
its furface is rapidly attacked by them; the glafs 
lofes its polifh, becomes untranfparent, and has 
really fuffered corrofion, 


$ 583. 
- "This effect upon glafs and filiceous earth is pro- 
duced by.no other acid, which we are at prefent ac- 
quainted with; and for this reafon, the acid ex- 
tracted from the fparry fluor by means of the ful- 
phuric, is entitled to be’ confidered as a diftindt, 
- peculiar acid, named Auoric acid. 


Synonyma: 
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Synonyma: F/uorous acid by the author, becaufe he takes 
it for an imperfect acid (§ 590); alfo /parry acid; 
acid of fluor-fpar (acidum fluoris mineralis). 


$ 554. 
The fluoric acid may be collected by expofing 
‘ fluor fpar and vitriolic acid together to diftillation; 
but it appears, from the property juft mentioned, 
that the operation ought not to be performed in 
glafs veflels, fince the acid obtained would be con- 
taminated with filiceous earth, _ 


For when upon finely pulverized fluor fpar an 


equal quantity of fulphuric acid is poured in a 


glafs-retort, to the neck of which a receiver with 
water is afterwards luted, and the whole fubjected 
4o diftillation on a fand-bath, the fluoric acid comes 
over, and is abforbed by the water. But it de- 
_pofits on the fides of the receiver a pulverulent 
- filiceous cruft, which has been taken up by the acid 
from the glafs of the retort and volatilized, but fe- 


parates again as foon as the acid is abforbed-and 


diluted by the water, 


The water of the receiver, therefore, contains the 
abforbed fluoric acid, yet ftill holding a portion of 
filiceous earth diffolved; which is proved by fa- 
turating it with an alkali, with which the acid 
combines, throwing down the earth.—The refiduum 
in the retort is gypfum, formed by the combination 

of 


I 


———— a ee 
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of the fulphuric acid with the calcareous earth of 
the fluor-fpar. 


_Marggraf was the firft who took notice. of this acid. 
Scheele explained its nature, and demonftrated its — 
difference from all other acids. Waiegleb proved that 
the earthy refidue; when the procefs was performed 
in glafs veflels, is of the filiceous kind. And ali 
doubts, about his opinion have been filenced; fince 
Scopoli has employed gilt-filver, Wenzel leaden, and 
Meyer pewter-veflels, for the extraction of fluoric acid 
from fluor-{par.—Edit. 


| BB 
Hence, to obtain this fluoric acid in its pure 
fate, the diftillation of the experiment above de- 


-{cribed muft be performed in a.leaden retort and 
receiver, 


Re GAG: ha 

With regard to fmell, tafte, and volatility, the 
fluoric acid greatly refembles the common muriatic. 
By diftillation it cannot be obtained in a folid form 
without putting water in the receiver.—Unmixed 
with water, this acid poflefles the form of gas, and 
is in this {tate expelled from the fluor-fpar by the 
fulphuric acid; but the ‘gas coming over is de- 
compofed’ by the water of the receiver, which 
imbibes its bafis, forming with it liquid fluoric 
acid, | 3 


| § 587. 
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§ 587. 

If, therefore, on diftilling fluor- fpar with ‘fale 
phuric acid (§ 584), the orifice of the retort be 
placed under the funnel of the pneumatic quick- 
filver-trough, the fluoric acid pafles over as a per- 
manent elaftic fluid, and conftitutes the fluoric- 
acid gas. This gas meeting with atmofpherical air 
is changed to white fumes, is immediately abforbed, 
or rather decompofed, by water, and combines with 
it to form liquid fluoric acid. Its fpecific gravity 
is greater than that of common air; it is improper 
for refpiration,, and extinguifhes a light brought 
within it. It is very four, direätly clouds lime- 
water, and js decompofed by it, as alfo by alkalis. 
With ammoniacal gas it unites, and forms a con- 
~ crete body. | | 


§ 588. 

' When this gas is diftilled from a eats retort, 
and afterwards _decompofed by the addition of 
water, it depofits filiceous earth. From this it 
is evident that the ‘luoric acid is capable of vo- 
latilizing, and giving the aerial form to filex. 
| $ 589. 

From analogy with other acids, the fluoric muft — 
of courfe be made up of a diftin& acidifiable bafis 
and oxygen. But hitherto it has been beyond the 
reach of art to decompofe it, or to feparate its. 

radical; 


« 
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radical ; which, confequently, muft be ranked among 
the unknown fubftances ($ 271). 


BE! 

Various phenomena make it probable to me, that 
the radical of fluoric acid, as far as we are ace 
quainted with this laft, is not quite faturated with 
oxygen; and, confequently, that this acid muft, 
like the muriatic, be looked upon as an imperfect 
acid. Its produétion in the perfect ftate, or com- 
pletely faturated with oxygen, by means of the na- 
tive manganefian oxyd, when it might be called 
oxygenated ih hie acid *, deferves a farther in- 
_ veftigation. ; | 


_ * The author ftyles it fimply fluoric acid. The phe- 
nomena alluded to are relative to its aerial flate. Ik 
does not feem that this gas ts decompofed by atmo- 
{pherical air, merely by attracting its moifture. There 
rather appears to happen in this cafe, though in a 
lefs degree, fomething fimilar to the alteration of 
nitrous gas effected by vital air ($°508), viz. an in- 
crealed oxygenation.—Edit, 


§ 591. 
The neutral flats, or falts proceeding from the 
combination of fluoric acid with alkalis and earths, 
have never been applied to any ufe.. It will, there- 
fore, be fufficient to give their names:—1. Fluat 
of pot-afh. 2. Fluat of foda, 3. Fluat of am- 


moniac. 


8592. 
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592. 

4. With calcareous’ earth the fluoric acid pro- 
duces a compound quite infoluble in water; and 
if the acid be poured upon lime-water, a pre- 
 eipitate immediately falls down, being fluat of 
lime. Such is the natural fuor-/par, or fimply 
fluor; which, for its entire infolubility in water, 
does not belong to falts, but to earths. It is 
found in fine cubic cryftals, of various degrees of 
tranfparency, and of the moft beautiful and vary- 
ing colours. This fpar is fufible in fire, yet with- 
out parting with its acid. While melting it dif- 
folves other kinds of earth, and is for this pro- 
perty made ufe of as a flux in /melting-works, to 
facilitate the fufion of other matters (§ 93); 
whence alfo it has received its name. It is .u- 
minous in the dark, when heated. 


§ 593- 


None of the combinations of other earths Sih 


the fluoric acid is at prefent ufed either in arts 
or trades. Such are, 5. Fluat of magnefia. 6. Fluat 
of barytes. 7. Fluat of alumine. 8. Fluat of 
Strontian-earth. | 


$ 594° 


The fluoric is, of all acids, the only one ‘capa- - 


ble of diffolving, and even volatilizing, filiceous 
earth.—If a plate of glafs be held over the va- 
pours or fmoke arifing from a warmed mixture of 

powdered 


er 
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powdered fluor-fpar and fulphuric acid, its furface 
is fhortly after attacked and corroded by them 
(§ 582)... Hence this acid is of ufe for étching 
upon glafs, and removing decayed or injured ena- 
mels from metals ornamented therewith: as watch- 
cafes, fnuff-boxes, rings, &c. 


The liquid fluoric acid aéts alfo on glafs, but not fo 
effetually as the fluoric-acid vapours. Margaraf firtt 
perceived this property; it was referved to Puymaurin 
and Klaproth to apply it to etching upon glafs.— 
Beckmann continued to improve upon this procefs; 
and Yelin fhewed the method of etching, by this 
means, the glafs-micrometers.—Edit. 


§ 595. | 

_ Fluoric ‘acid effervefces with and drives out the 
earbonic acid from carbonated alkalıs and earths; 

but its affinity with thofe fubftances is not fo 


{trong as that of the fülphuric, nitric, and mu- 
riatic acids. 


Boracic Acid.—-Borar. 
§ 596.. | 
The mineral acids feparate from borar, in the. 
humid way, an acid falt, which in every refpe&t 1s 
characterized as a peculiar acid, and goes by the 
name of boracic acid. 


Synonym: Sedative falt (fal fedativum Hombergii). 
eet if 
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8.597 

If fulphuric acid, for inftance, be gradually drop- 
ped into a folution of borax in hot water till the 
folution acquires an acidulous tafte; if the fluid be 
then flowly evaporated in a glafs-bowl, till fhining 
fcales appear; and if, after this, it is fuffered to 
cool, white, refplendent, faline flakes will fhoot out, 
which, by filtering through paper, are feparated 
“from the lixivium, well wafhed with cold water, 
‘and dried. Thefe are the boracic acid. When the 
remaining lye is farther evaporated, and treated in 
the fame way, more fuch flakes are obtained. At 
laft, fulphat of foda cryftallizes; and for this rea- 
fon the firft evaporation fhould not be carried too 
- far, left that. falt enter into the eryftals of the 
boracic acid. | : 


§ 598. 


Boracic acid forms a white, fcaly, elittering falt ; 
foft to the touch; of a tafte hardly actdulous, yet 
reddening the tin@ture of litmus; and of difficult 
* folubility in cold water, requiring for folution- at 
50° Farenh. 20 parts of it; but eafily diffolved by 
boiling water. This falt endures expofure to air; is 
not volatilized by fire, though by aqueous vapours 
it may be mechanically raifed up. By a red heat 
it is fufed into a tranfparent glaffy mafs, which is 
_ much difpofed to diflolve the argillaceous earth 
ofthe crucible. By this melting it undergoes no 
Aat Se change, than the lofs of its water of cryftal- 
lization. 
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lization. The boracic acid is, therefore, by its 
fixity in fire, greatly 'diftinguifhed from all other 
‚mineral acids hitherto treated of: ; 


$ 599 
From analogy with other acids, I am jiciiaee to 
~ think that the boracic acid is formed by an acidifi- 
- able bafis peculiar to itfelf, and oxygen. Yet the 
production of its bafis, in a feparate ftate, has hi- 
therto fruftrated -all attempts; whence it is to be 
claffed among the undifcovered principles (§ 271). 


§ 600. 

_ Immerfe flips of paper into a faturated hot folution 
of that acid falt in water, and dry them again, they 
will then burn with a lıght yellow flame. But 
{pirit of wine, wherein this falt has been diffolved, 

-burns with a yellowifh-green flame. This laft cir- 
..cumftance does by no means prove, that copper is 
contained in boracic acid. - i 


8 601. 

_ Since ‚on pteparing boracic acid, by the method 
ftated above ($:597)',from borax by fulphuric acid, 
we likewife obtain fulphat of foda, it follows that — 
the borax is a compound of its own acid and of 
foda. This fubftance is a falt of a bitterifh alka- 
line tafte; changing the blue fyrup of violets to 
green; not effervefcing with acids; and ufually 
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forming fix-fided prifmatic cryftals, two fides of 
which exceed the others ii ‘breadth, and which 
are terminated by three-fided-pyramids. Of cold 
water it requires at 50° Farenh. 12 parts of its 
weight, of boiling water only 6, for folution. Its 
eryftals are permanent in the air, and their glitter- 
ing furface is but flowly dimmed by it. Expofed 
to moderate heat, it liquefies in its own water of 
eryftallization, fwells up very ftrongly, and becomes 
‘a white, folid, loofe mafs, of the name of calcined 
borax; no other way differing from the cryfallized, ° 
than by the lofs of the water of cryftallization.— 
Calemed borax readily melts, as foon .as it has 
reached the ftate of ignition, into a pellucid glas, 
which may be totally re-diffolved in water, and 
again cryftallized. | 


$ 602. | 

The borax of commerce, with regard to its com- 
pofition (§ 601), is not the produce of art, but of 
nature. This native, or crude borax, is called 
fincal (tincor, borech, pounra), and is partly dug 
up in India, Thibet, and Perfia; partly, obtained 
by evaporation from the waters of fome falt lakes. 
It was formerly at Venice, but now chiefly in Hol- 
land, refined from its adhering impurities by folu- 
tion in hot water, filtration, and careful cryftal- 
lization. It is then Ham refined, or Venetian, 
borax. | | | i 


€ 603. 
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‘§ 603. 
_ The acid of borax has alfo been found native ** 
in fome parts of the Grand Dukedom of Tufcany; _ 
and, combined. with calcareous and magnefian 
earths, in the gypfum of Luneburg. © 


* This difcovery was made in 1777 by Hoefer, on 
analyfing the waters of ‘the Lake Cerchaio, near 
Monte Rotondo ; he alfo made borax by uniting that 
acid with foda. It was, befides, found in fome 
other flagnant waters in the territory of Sienna; 
and Mafeagni found it cryftallized in the’ mud of 
thofe lakes.—Edit. 


§ 604. . 

Common borax * confifts, according to Berg- 
man, of 0,34 of boracic acid, o,17 of foda, and 
0,49 of water. It is, however, not a perfect neu- 
tral falt (§ 293) not being quite faturated with 
the acid, but having an excefs of alkali. On this 
circumftance depend its alkaline properties ($ 601), 
of which it may be deprived, and completely 
neutralized, if to a hot folution of it more boracic 
acid be added. 1. This borat of foda does not 
again cryftallize;‘ but exhibits, on evaporation, a 
clammy adhefive mafs. No ufe is made of it. 


* As the fedative falt, or doracic. acid, has been, and is 
ftill, employed in medicine, fo is the common bdorax 
much ufed in arts, to promote fufion on foldering 

metals, and for other purpofes.—Edit. 


_ 


vie, § 605. 
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$ 605. 
2. The borat of pot-afi, like common borax, 
_ takes up a furplus of alkali, and may be cryftal- 
. lized in four-fided columns, or paralellepipedons — 
3. The borat of ammoniac fhoots into {mall rhom- 
boidal cryftals, which are decompofed by fire, and 
give up their alkaline part, the ammoniac. 


§ 606 


4. With calcareous earth the boracic acid affords — 


4 middle falt, infoluble in water, and hence with- 
out tafte. This dorat of lime, or boracite (com- 
bined with the next-mentioned fubftance), has been 
found native in the gypfum dug at Luneburg * 
in Lower Saxony, prefenting cubic cryftals, feveral 
or all of whofe edges and corners are truncated. 


ft is fufible in a red-heat. Lime has a ftronger 


attraction for boracic acid, than the alkalis have. 


* Of this Luneburg gypfum, or rather dorat of lime, Dt. 
Crichton poflefles in his exquifite collection of minerals 
a very fine fpecimen. Being himfelf very fond of 
mineralogy, he gratified his pupils with a fight of 
this curiofity in his Chemical Le4ure-rooms, (now of 
Clifford-ftreet). Itcontains magnefia, fome argil and 


filex, and the primitive form of its cryftals is doubt- 


lefs a cube, not a polyhedron of 24 furfaces, as was 
by fome imagined. When the corners and edges are 
truncated all around, it may receive 24 furfaces, 

“which make it very beautiful. Thefe cryftals are 
fo hard‘as to cut glafs like a diamond, and ftrike 
fire el with fteeh—Edit. 


§ 603. 
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5. The borat of magnefia is of very difficult fo- 

lution in water; an excefs of acid renders it foluble 

with greater eafe. By evaporation this earthy falt 

yields cryftalline grains,. and is decompofed by lime- 


water. 
§ 608. 


6. Borat of alumine 1s, contrary to the preced- 
ing falt (§ 607), very foluble in water, and form- 
ing with it a gummy, tenacious mafs, of a very 
ftyptic tafte. ‘In’ fire it melts into a glafs. Lime, 
magnefia, and the alkalis, decompofe the aluminous 
borat by depriving it of its acid, for which they 
have a ftronger attraction, 


Ibis Hh ba eae | 

7. Neither borat of barytes, nor, 8, borat of. 

Strontian-earth, have as yet been clofely examined. 

Bergman conjectures that the boracie acid pofleffes 
lefs affinity with barytes, than with lime. 


3 | $ 610. 

Silex, or filiceous earth, is not acted upon in the 
humid way, not even in a boiling heat, by boracic 
acid. But in the dry way, if urged by fire to the 
‘ degree of fufion, it is diffolved by that acid, and 
flows into a vitreous fubftance ; which may be more 
or lefs decompofed by alkalis, affifted by boiling, in 
proportion to-the quantity of boracic acid that has 
entered into the combination. 


x. 37, | § 611. 
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§ 611. 
The place belonging to boracic acid, in the fuc- 
ceflive affinities of the acids with alkalis and earths, 
is very low. In that refpe&t the boracic exceeds 


the carbonic acid very little; and i is, therefore, in- | 


ferior to all the other acids, which hitherto have 
been the fubject of our refearches, 


§ 612. 


Of the mutual decompofitions of the borats, 
whether neutral er middle falts, by thofe of which 
we have before treated, I will only notice, FIR, that 
of foda (§ 604), or the boraw itfelf, by alum, taking 
place in the folution of both falts together i in water, 
forming two new compounds, namely, fulphat of 
foda, and borat of alumine ; ; fecondly, that of borax 
by fulphat of magnefia, or Epfom falt, from which 
fulphat of foda and borat of magnefia proceed; 
and, éhirdly, that of borax by fal-ammoniac, form- 
ing muriat of foda, and borat of ammoniac. 
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CHAPTER VI. 


Conflituent Parts of Vegetables. 


General Examination of Vegetables. 


§ 613. 


\ Tu E organic bodies offer to our view a far greater 
variety, with regard to their compofitions, than un- 
organized fubftances. Notwithftanding this, they 
confit of but a fmall number of principles ($ 3), 
which, merely on account of the different recipro- 
cal proportions in which they are combined, generate 
thofe ftriking and numetous varlations-in the nature. 
and fenfible properties of the various products. 


§ 614. 

It will be fhewn hereafter, that by the analyfis of 
vegetable and animal bodies, as far as it has been. 
hitherto performed, we have as yet difcovered no 
other radicals than thofe heretofore treated of.— 
Carbon, hydrogen, and oxygen, are contained in 

REE en eure aby a aes ae 


328 Conflituent Parts [Chap, VI. 


all of them; many contain alfo axot and pho/- 
phorus; and thefe conftitute in moft of thofe bodies 
all their ponderable part. —Sulphur, fixed alkalıs, 
dime, and iron, are, indeed, pretty often met with 
| in the organic produdts of nature, but not in every 
one of them. | 
8615. | | 
Becaufe the proportions of thefe principles to each 
other are, from the influence of heat, air, and water, 
fo greatly variable, we may, no doubt, eafily tranf- 
. form into one another fuch of their compofitions, 
as we chemically feparate from bodies of both the 
vegetable and animal kingdoms. Yet we cannot 
produce them ourfelves by combining their radi- — 
cals. This can only be done by living organs, 


§ 616. 

The bodies of plants and animals are not che- 
mical mixtures, but only mechanical combinations 
of other heterogeneous compounds (§ 4); and to 
obtain a perfect knowledge of their nature, it is re- 
quired that thefe various mingled. parts fhould be 
firft fingly confidered,-and their own compofition 
accurately eaqnucs into, 


ite OI ZA 
‘Thefe mingled parts, whereof vegetable and ani- 
mal matters confift, may be confidered as their. 


proximate or immediate conflituent, parts (§ 7). 


They 
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They are feparated by fimple and almoft mechani- 

cal operations, which cannot alter their compo- 
fition; and thus prove that thefe compounds have, 
before the procefs, pre-exifted as fuch in thefe bodies. 
—Thefe proximate conftituent parts have their own 
peculiar places affigned in organic bodies; and by 
this they characterize the different organization in 
the parts, are thus feparated from each other, and 
fhew, befides, the efficient caufe of the difference in 
their nature. It is alfo obvious, that it is not every 
organic body that contains all thofe conftituent parts, 
but each has its peculiar ones, 


§ 618. 


The bodies of the vegetable kingdom prefent 
the following eflential proximate conftituent parts 


(§ 617): | ' 


1. Mucus, . . 12. Benxoie acid, 
2. Sugar. 13. Gallic acid. 
3. Starch. 14. Refin. 

4. Gluten. Ee 5. Gum-refin. 
5. Albumen. | 16. Gum-elaftic. 
6. Tartar. - N 17. Fat-oil. * 
7. Tartareous acid. “0018. Exhereal-oil, 
8. Salt of forrel, _ 19. Camphor. 

9. Oxalic acid, 20. Acrid matter. 
10. Citric acid. . 21. Narcotic matter. 
II 


. Malic acid. _- ‘ 22. Fibrous part. 


§ 619. 
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8.019. 

But, before we examine each of thefe principles 
in particular, we fhall firft take a general furvey 
of the habitudes and difpofitions common to.all 
plants, by analy fing them in the:dry way, véz. by 
fire. 

‘8 620, 


if plants, frefhly gathered, are expoled to pene 


not reaching the point of boiling water, they are 
by this freed from moifture, or dried.—They give | 


out, by this procefs,: their eflential wafer, which, 
undoubtedly, made before one of their conftituent 
parts; but they may alfo, at this temperature, be 


deprived of fome other ‘effential principles; as for — 


inftance, the etherial oil, the acrid and narcotic 
radical; and on that account they undergo fome 
important changes refpedcting their powers and pro- 
perties. | 
§ 621. 

In heat, above the boiling point, vegetable fub- 
ftances fuffer an alteration by far more remarkable. 
They are torrefied, or roafled; their mixture’ is 
confpicuoufly altered, and their radicals combine by 
the influx of caloric in different proportions, form- 
ing thus new products; as may be at once con- 


cluded from the particular fmell and tafte, called . 


empyreumatic (empyreuma), which they receive 
by the roafting, and of which they fhewed no fign 
before, | 

| § 622. 


ee A 
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gs 622. 

At a ftill greater heat, with proper accefs of air, 
all vegetable matters are at laft ignited, and burn 
with a flame; leaving, after thorough zncineration, 
a refiduum that refifts the fire, or is fixed, and als 


ways amounts to but a fmall quantity, in propor- 
| Bo to their whole mafs. 


oe. O28, 
The foot (fuligo) depofited from the flame of 
burning vegetables, is carbon, which, for want of 
a complete ingrefs of air into the inner part of the 
flame, could not be confumed; and is partly car- 
ried off mechanically along with the fmoke, partly 
precipitated from the laft. Other heterogeneous 
particles may, however, more or lefs, adhere to it, 


by which, confequently, its nature may be va- 
rable. 


The fluttering and the glofy concrete foot of chimneys, 

"where wood is burnt, the or of oil, and that of pine- 
wood, or lamp-black, belong to this fubje&. The 
former kind is ufed by the name of éifre as a brown 
water- colour; the lamp- black is alfo employ ed in oil 
and crayon-painting.—Ed. 


§ 624. | 
All fuch parts as by roafling, or combuftion of 
vegetable bodies, are diffipated, may be collected, 
and hence farther analyfed. With this view the 
vegetables is be expofed to a heat of fufficient 
intenfity, 
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“intenfity, viz. of ignition, in a retort joined with | 


the requifite apparatus. 


N 02.5. 

For inftance: take fhavings of beech-wood, in- 
troduce them into a coated earthen retort, fo as to 
fill two-thirds of its capacity; lute to its neck a 
crooked glafs-pipe, together with one or more inter- 
mediate bottles; taking care that all the joinings 
be air-tight ; and direct the laft conveying-tube 
 (§ 128) beneath the funnel of the pneumatic- 
trough filled with hot water, or quickfilver. This 
done, begin with a gentle heat, increafing it gra- 
dually till the retort be red hot. At firft the at- 
mofpherical air of the. apparatus efcapes; it is 
fucceeded by peculiar kinds of gafes and fumes, 
of which the firft rife in the recipient placed on 


the fhelf, at the fame time that the laft SER 


in the middle bottles by cooling. 


§ 626, 


An extraordinary great quantity of gas is ob- 
tained by this procefs. Great part of it 1s car- 
‘bonic acid: gas, that may be feparated by lime- 
water, by cream of lime (quick-lime diffufed in 
water to ‘the confiftence of cream), or by a folu- 
tion of cauftic alkali—The remaining gas is in- 
flammable, of a difagreeable empyreumatic fmell, 

and poflefing properties belonging to hydrogen gas; 
but diftinguifhed from pure; hydrogen gas by a 

greater 


yr 


x 


- 7 # a + a na z 
en Zn nn ann a in ne nn mann u nn in Ei ein 


Chap. VIL] of Vegetables. ‚333 


greater fpecific gravity, by burning with a fteadier 
flame, and by the particular circumftance, that on 
being mixed and burnt with oxygen gas, it not 
only yields water, but alfo carbonic acid; and this 
laft, even after it had been moft carefully freed from 
all admixture of carbonic acid gas.—It conttitutes, 
therefore, a particular fpecies of gas, called car- 
bonated hydrogen gas * 


* Or, Leavy inflammable air. 


„8 627. 

Confequently the phenomena prefented by this 
gas evince, that hydrogen and carbon had made up 
its bafis; and of courfe, alfo, that both thefe prin- 
ciples muft have been conftituent parts of the wood 
from, which this gas was obtained. 


The carbonic acid. gas, which at the fame time 
is generated, proves that, befides carbon, the wood 
Jikewife had pefleffed a fhare of oxygen —How- 
ever, the carbonic acid was not pre-exiftent in the 
wood ready formed; but its radicals, before the 
operation, were combined in other proportions, and, 
with other conftituent parts, forming compounds of 
a different kind. Only, when the intenfity of heat 
has reached a certain degree, a part of the carbon 
unites with: part of the oxygen to produce carbonic 
- acid; and forms, by combining with caloric, the 
carbonic acid gas; while, at the fame time, a part 

of. 


+ 
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of the hydrogen of the wood combines with fome 


portion of carbon and caloric, and efcapes in the 
form of carbonated hydrogen gas. 


It is this inflammable gas which, on applying 
heat to wood in open air, forms the flame (§ 214) 
attending its combuftion. | 


§ 628. 
All plants, all their parts, and all their immiediate 
principles or component parts, when fubjected to 
dry diftillation, afford carbonated hydrogen—and 
carbonic acid gas. 
| § 629, 

All other volatile parts that are expelled from 
wood by dry diftillation ($ 625) are condenfed.into 
liquids by refrigeration in the middle bottles. They 
conftitute partly an aqueous fluid, of a yellow-red 

colour, of an empyreumatic odour, and manifeftly 
four, which was formerly called a /piritus; partly. 
they form an oil, of a ftrong empyreumatic finell; 
and a fharp tafte.. This oil floats on the aqueous 
four fluid, and at firft comes over thinner and 
clearer ; but, towards the end, in an increafed heat, 
it is of a darker colour, thicker confiftence, more 
_ tenaceous and pitchy. Both the fluids are feparable 
from each ether by wetted filtering-paper. 


Be: 630. 
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§ 630. | 

The four fluid, obtained from wood, may be 
depurated from the adhering oleaginous particles 
by rectification (§ 115), on a fand-bath, from a 
 glafs-retort with a receiver. It may alfo be de- 
prived of its fuperfluous water, and be thus con- 
centrated, by other means to be mentioned here- 
after, when treating of the acetic acid.—This fluid 
has been received in chemiftry as a diftincé acid, 
with the name of pyro-ligneous acid; but, if pro- 
perly purified, it is not different from acetic acid. 
Its bafis is a compound of carbon and hydrogen; 
it did not exift in wood in the ftate of an acid; 
but its conftituent parts were, before the procefs, 
combined in other proportions; and even its aque- 
ous part is the mere product of fire, being gene- 
rated from the hydrogen and oxygen of the wood. 


§iogrs> 

The empyreumatic oil procured by the dry dif- 
tillation of wood (§ 629) may be rendered thinner 
by rectification, as alfo of a clearer colour, and 
‚more volatile; and it leaves a coaly part behind. 
‘This oil is, -Iıke the acid, a product, not an edu& 
($ 10); and did not pre-exift in wood, If it be 
burnt in oxygen gas, water and carbonic acid are 
formed ;.and the -radicals of this oil are hydrogen, 
carbon, and. fome oxygen.—The quantity of car- 
bon contained in the fucceffive portions of -this 
bobbins ay ou 
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oil is the greater the later they come over into the 


receiver; and alfo in proportion to the intenfity of 
the heat applied. | 


N 632: 

This is the place to fpeak of the preparation or 
eliquation of tar (pix liquida, cedria), performed 
by a kind of diftillation per defcenfum (§ 124). 
Logs or roots of pine and Scotch fir, abounding ın 
refin, are heated in the Zar-furnaces; whereby the 
refin is partly melted, and colle&ted by a channel 
contrived in the lower part of the furnace. But the . 
refin undergoes alfo a partial decompofition; for 
which reafon the wood not only gives firft an at- 
tenuated clear refin, but fomewhat later an acıdu- 
lous water (acid phlegm, or tar-gall) ; and, finally, 
an empyreumatic pitchy oil, which is the Zar, and 
is of a darker hue; and when infpiflated upon fire 
becames bluck pitch. 


§ 633. 

Some plants, when diftilled by themfelves in the 
dry: ftate, afford no acid fluid; but they rather yield 
carbonat of ammoniac, partly in the concrete, partly 
in the fluid ftate; which, after being cleaned from. 
the particles of empyreumatic oil, are quite of the 
fame nature with any other kind of carbonated am~ . 
montac,’ Such plants are mujlard-/eed, onions, gar- 
lic, tobacco, atropa belladonna, or deadly .night- 
fhade, and the fungi. But even the four liquor 

| afforded 
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afforded by moft other plants contains ammoniac, 
as is evinced by the addition of fixed alkali. The 
foot of wood likewife yields ammoniac by diftil- 
lation. | 
§ 634. | 
This ammoniac could not pre-exift ready formed 
ın thefe plants; nor can it in any way be difcovered 
in them. It is likewife only in the courfe of the 
operation, in a ftronger heat, that the combination 
of its principles takes place ($ 291); which proves, 
that azot is likewife an ingredient in the compofition 
of plants, and in their proximate conftituent parts. 


§ 635. 

The tefiduum, after the .diftillation of wood 
(§ 625), is charcoal, a black, folid, friable, in- 
- fufible matter, totally infoluble in water, without 
tafte or fmell, and ftill exhibiting the fibrous ftruc- 
ture of the wood, from which it proceeded.—It is — 
nothing elfe than that portion of carbon contained 
- in wood, which did not meet with a fufficient quan- 
tity of oxygen to fly off with it in the form of 
carbonic acid, nor a fufficient portion of hydrogen 
to form with it carbonated hydrogen gas (§ 626); 
nor both together to generate, by combining with 
them, either empyreumatic acid, or empyreumatic 
oil.—It would be pure carbon, if there did not re- 
main foine other extraneous, fixed, faline, and earthy 
particles, that were contained in the wood, moft in- 
timately mingled with it, 

VOL. I. Pr a SR 
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§ 636. 
Of this coal, or carbon, as a fimple and com- 
bupible Jubjiance, 1 have already fpoken above 


(§ 224, feq.); and likewife ftated its habitudes with” 


other fubftances examined before. 


§ 637. 

There is a confiderable difference between die 
rent kinds of charcoal as to their texture, denfity, 
and capacity for-burning, which arifes partly from 
the nature and mixture of the bodies from which 
they are obtained, and alfo partly from the freer or 
more impeded accefs of air, that was allowed on 
their combuftion.—Thefe variations are the ground 
of the various applicability of coals for mechanical 


and economical purpofes. 


Thus China ink may be imitated by working up the coal 
of the kernels of peaches and apricots with parchment- 
fize or ifing-glals.— The Franckfort black, ufed in 
printing and painting, is the coal of the vine, and 
more frequently of the ftalks and hufks of grapes, and 
wine-lees. —The coal from the branches of the lime 
and hazel-trees is employed by artifts to fketch their 
drawings—Ed. ——- | 


§ 638. 
The > application of charcoal, as difcovered by 
Lowitz, to the purifying of faline lyes from colouring 


face Prphet het mucilaginous, empyreumatic, oily, 
refinous, gelatinous, &c.) refts on the porofity * of 
their ftructure, by which thofe parts are meehanı- 


cally retained. / 
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* By Lowitz, and others, this faculty has been wrongly 


aferibed to a fuppofed 9 N a property of 
charcoal.—Edit. : 


§ 639 

The preparation of charcoal, or the chärring of 
coals, is a kind of dry diftillation of wood. The 
defign of this procefs is to fenarate from it, without 
converting the wood into afhes, thofe parts which, 
on combuftion in open air, form the fmoke, foot, 
and flame. Hence the chief management confifts 
in admitting no more air to the lighted wood to be 
charred, than what is requifite to ignite it, and to 
keep it in a {mothering heat without being fufficient 
to effect a thorough combuftion and incineration. 


In the large way it is done in piles zpright, or horizontal, 
by covering the pile with turf, mofs, and earth, and 
leaving at the bottom a hole to light it up. See, 
among others, L’Art du Charbonnier par du Hamel du 
Monceau, fol. Paris, 1761.—Charcoal, to be good, 
ought to be heavy, folid, and fonorous, neither to 
fmoke nor crackle in the fire. The beit woods afford 
the beit coal.—Edit. 


§ 640. 2 
If, on the combuftion of wood, and of every 
other vegetable body, the free accefs of air be no 
“ways checked, then that portion of radical carbon 
which in dry diftillation remains behind, is, by tak- 
ing up oxygen from the atmofphere, converted into 
carbonic acid, efcaping in the aerial form; and there 
is Oe left but mere ayhes ( cinis); a greyifh 
ZZ powder 
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powder unfit for maintaining the fire; and contain- 
ing, yet without coheton, the fixed parts of the 
vegetable. 


§ 641. - 

If thofe afhes of plants be lixiviated, or drenched 
with water, the lye will exhibit all-the characteriftic 
marks of the fixed alkali, which remains after the 
evaporation of the fluid—Mboft of the plants thus 
treated give the vegetable alkali, which from them 
has received its name. But vegetables do not all 
afford it in equal quantity, and in the fame purity ; 
they, befides, give lefs in proportion as they have - 
mouldered or paffed into the putrefcent ftate be- 
fore incineration.—All the alkali, which by lixivi- 
‘ation can be procured from the afhes of plants, is 
impregnated, though not faturated, with carbonic 
‘acid. ‘There may likewife, over and above the em- 
_ pyreumatic oleaginous particles, which give it a 
brownifh or yellowifh caft, be mingled with it other 
extraneous falts, or earthy matters (as fulphat and 
muriat of pot-afh, or filiceous and aluminous earth). 
This, indeed, 1s ufually the cafe. 

§ 642. 

In order to deftroy the empyreumatic ‘oily parts 
contained in this falt, calcination is the beft means; 
and to effect. a complete feparation of other mat- 
ters (§ 641) nothing will be effeCtual but faturating 
it with carbonic acid (§ 355), and cryftallizing. 


§ 643. 
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| § 643. | 
Pot-afh (cineres clavellati) (§ 357) is the vege- 
table alkali procured from the afhes of plants, 
efpecially of the hard fpecies of wood, by lixi- 
viation, and fubfequent evaporation of the lye. 


It 1s not a pure vegetable alkali, but fuppofed 
to be in part only combined with carbonic acid, 
and hence deliquefcent; for it always contains a 
confiderable portion of fulphated vegetable alkali. 
While calcining, fand is now and then fraudulently 
added, which fufes with it, and becomes thereby 
foluble in water. Such filiceous pot-afh may be 
very fharp to the tafte; but a clear- folution of it 
in a {mall quantity of water will, on the addition 
of any acid, give a precipitate like that of the 
liquor of flints ($ 312), and thus difcover the 
fraud.—Sometimes the afhes from the hearths and 


floves, where wood is the fuel, are employed te 
procure pot-afh. 


A purer vegetable alkali is obtained from the 
afhes of calcined wine-lees (cendres gravelées); and 
a ftill purer one from tartar, which from its ori- 
gin is called Jalt of tartar (fal tartari)*. 


* This vegetable alkali, howeyer pure, ought not to be 
confounded with the cauftic vegetable alkali, deprived 
even of the carbonic acid, which in the new nomene 

_ lature is termed fimply pof-a/h (§ 283).—Edit. 


Z 3 § 644. 
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§ 644. 
Every fpecies of vegetable alkali, if duly puri- 


fied from whatever plant it might have been ob» 


tained, is of the very fame nature without ex- 
ception. For this reafon the falts of particular 
plants (falia herbarum), as for example, the /alt 
of wormwood (fal abfynthit), have no preference. 


OF the Tachenic fatts. 


r 645. 
The afhes which are obtained by the com- 
buftion of plants growing on fhores moiftened by 
fea-water, yield mineral alkali by lixiviation. The 


term /oda is frequently employed to denote fuch © 
kind of afhes ($ 361).—Soda, taken in this fenfe, ° 


is broyght to Germany in mafles as hard as ftone, 


full of holes or large pores, of a blackifh or grey- 


blue colour, intermingled with white grains, and 


covered with a whitifh cruft. 


It is prepared in fouthern Europe, particularly 
on the coafts of Spain and France, from feveral 


Me plants, partly cultivated, partly growing fponta- 
neoufly on the fea-fhore; and chiefly from the fpe- 


CIES fa Vola and falicornia. Thofe plants are 
dried, and then burnt in pits dug for that pur- 
pofe. In thefe the hot embers are continually 
accumulated,, ftirring ‘them often, as the quan- 


tity increafes, At length they begin to melt, 


re 
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upon which they are fuffered to cool. Laftly, . 
when cold, they are broken into lumps, and taken 
out.—The better fort of foda is the foude de 
barille, from Alicante in Spain. An inferior kind 
is the /oude de varech in Britanny, which is pro- 
cured by the burning of /ea-grafés and of fea- 
tang; both analogous to the ke/p ef Scotland. 


§ 646. 

The mineral alkali contained in the foda (§ 645) 
may be feparated from earthy and other adhering 
parts by boiling and lixiviating thofe afhes; and, 
becaufe it is carbonated, it admits of being cryf- 
tallized. This falt of foda (fal fodae, Rochettae) 
as, therefore, a carbonat of mineral alkali.—There 
are, befides, fome other extraneous falts, as Glau- 
ber’s falt, and common falt, contained in the foda. 


= 


The reader will again recollect, that in the new nomen- 
clature (adopted in this tranflation) by fed, without 
addition, it is not the above-mentioned afhes of 
fea-plants, but the ‘mineral alkali itfelf, in, its purefl 
and cauftic fate, that is meant ($ 285).—Edit. 


§ 647. 
ideen to Vauquelin’} lateft analytical re- 
fearches, the mineral alkalı exifts in the foda plant 
ready formed by nature, and alfo a portion of fea- 
Salt. Macquer and Poulletier de la Salle have found 
in it fulphat offoda. 


RN NaS 648. 
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$ 648. 

Since the fulphat of pot-afh, fo frequently met 
with in the afhes of fome fpecies of wood ($ 643), 
cannot be feparated from thefe woads before their 
‘incineration, and confequently did not pre-exift in 
them before combuftion, it is, In my opinion, very 
probable that the fulphuric acid is a product (§ 10), 
in thefe afhes, and that /ulphur is one of the confti- 
tuent parts of wood, which in its combuftion com- 
bines with oxygen, and is thus transformed into 
fulphuric acid, which uniting with the alkali forms 

its fulphat. | 
| $ 649. 

Yet ıt becomes now more and more probable, 
that the fixed alkalis ‘are not fimple fubftances ; 
but, on the contrary, a product of vegetation. We 
are fo much the more entitled to doubt of the 
fimplicity of their nature, as they are no longer ta 
be found in the refidue of plants, that Bar under- 
gone complete putrefaction. 


§ 650. 
The earthy parts, left after the complete Iixivi- — 
ation of fuch afhes, are of a very fmall amount with 
refpect to the whole weight of the plant. Their 
nature is different according to the different nature 
of the foil, whereupon the plant grew. Yet they 
are as little an effential ingredient in the compofition 
of the plant as the ir "OR, that is found tn thofe afhes. 
They 
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They are certainly rather accidental.— To believe 
that the earthy parts are the chief alimentary matter 
of plants, was pardonable in thofe times only, when 
earth was thought to be the ae principle of fo- 
lidity. 


The late Dr. Ingenhou/: has added to his ingenious refearches 
‘on plants an excellent E/fay on the food of plants, and re- 
novation of foils, 4to. inferted in the papers of the Lon- 
don Board of Agriculture, 1796. That treatife is a 
valuable fpecimen of applied Chemiftry and comparative 
Phyfialogy. The Doétor intended to prove again that 
plants chiefly live by refpirable air, and cannot live 
without it; that they decompofe that air, keeping to 
themfelves the carbon and azot, and giving out the 
oxygen combined with caloric as oxygen gas; which 
they do, efpecially about noon in funfhine, and as pure 

‘as oxygen gas obtained from the oxyd of manganefe. 

_ But at night they digeft more of carbon, and give 
out chiefly carbonic acid gas. Hence the unwhole- 
fomenefs of nightly air in large thick plantations, 
where there is no current of air: and though, in 
fome manner, plants feed upon azot, yet they live 
more upon carbon.—Dr. Jugenhou/s endeavoured, be- 
fides, to fhew, 1. againit Mr. Haferfratz, that it is 
not fo much carbon as carbonic acid which confitutes 
the aliment of plants, and whofe fuperabundant por- 
tion they emit in the night; and, 2. that the aves. 
and not the roots, are the principal organs by which 
plants imbibe the matters, requifite to the digeftion of 
their food.—Edit. 


§ 651. 
Since the plants, according to what has been faid 
before, (8 616), are compoled of heterogeneous mat- 
ters 
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ters mechanically united, it is neceflary to confider 
fingly every one of their mingled conftituent princi- 
ples, with which experience has made us acquainted, 
and by which the fluid and folid parts are formed, 
if we with to obtain a complete chemical knowledge 
of vegetable fubftances. A lift, together ‘with the 
names of thefe principles, has - ‘already been given 


{§ 618). 


Effential Salts of Plants, 


§ 652. 

We call thofe falts efential falts of plants which 
exclufively belong to the vegetable kingdom, have 
as fuch pre-exifted in the plants, and may be ex- 
tracted from them by operations that do not forcibly 
alter their mixture. i 


§ 653, 
Thefe may be divided into four and fweet falts. . 
Of the laft kind there is only one, Sugar (faccha- 
rum) ; but of the firft. there exift feveral fpecies, 
Some are pure vegetable acids, of which we know 
at prefent fx effentially different: the tartareous, 
oxalic, ctiric; malic, benzoic, and -gallic—Others 
are a compound of pot-alh or vegetable alkali, with 
an excefs of acid (acidula plantarum, acidules in 
French), Tartar and falt of wood-forrel belong to 
this fpecies; | | 


§ 654. 
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§ 654. 

All thefe vegetable acids have a compound bafıs. — 
The component parts of every one are carbon and 
hydrogen. The variety in their habitudes and pro- 
perties is caufed merely by the different proportion 
of thefe principles to each other, and to oxygen 
in each particular acid—There is none of them 
which we cannot decompofe; yet we cannot com- 
pound any one. 


Tartar. Tartareous Acid, 
$ 655. 

In cafks wherein wine made of grape-juice fer- 
ments, efpecially of the acerb and four kind, a folid 
matter is depofited all around. their fides, incrufting 
them with coherent cryftals, either red or whitifh- 
grey, according as the wine which depofited them 
was red or white —This fubftance is called crude 
fartar. 

§ 656. 

This crude tartar is to be looked upon as an im- 
pure acid, and eflential falt of the juice of vine- 
grapes, which is not originally produced by fermen- 
‘tation, but only feparated; and is, exclutively of 
water, likewife contained in the juices of various 
other fruits. It has a four tafte, and all the dif- 

tinguifhing 
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tinguifhing marks of an acid falt; but is of difficult 
folution in water. | 
§ 657. 
It may, by repeated folution, filtration, and cryf- 
‘tallization, be freed from the feculent and colour- 
ing parts which defile it.. As procured in com- 


_- merce it is already purified; and this purification, — 


in large quantities, is chiefly done at Montpellier in 
France, and at Venice. Such depurated tartar is 
fold by the name of eryflals of tartar; and when 
the cryftals are fmall, and as it were ina pulverulent : 
ftate, they are called cream of tartar, 


[| 


§ 658. 

The cryftals of purified tartar haye no regular 
form. ‘To be diffolved by water they require, ac- 
- cording to Spielmann, at 50° Farenh. 160 parts of 
cold, but only 28 of boiling water. They are per- 
manent in the air, | 


$ 659. 

Tartar is, like all the proximate component parts ; 
of plants, a combuftible matter. When thrown 
upon burning coals, it difengages an acidulous fmoke 
of an empyreumatic fmell; and, when thoroughly - 


incinerated, it leaves the vegetable alkali (pot-a/h) 
behind. 


Tartar is alfo made ufe of for obtaining a very 
he vegetable alkali, that has received the name of 


yay 
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falt of tartar (§ 643). For this purpofe crude 
tartar is wrapt up in cornets of paper, which are 
twined round with pack-thread, and fomewhat 
moiftened, After this the parcels are put in a 
wind-furnace, in alternate layers with charcoal, and 
ignited throughout without difturbing them. Thefe 
paper-cafes, with their contents, are, after cooling, 
pounded and lixiviated with boiling water; which 
being done, the ftrained or better filtrated lixivium 
is evaporated to drynefs in iron pans. The pot- 
ath hereby obtained is only in part carbonated. 


§ 660. 


From this it is plain, that farfar is not a pure 
vegetable acid, but the vegetable alkali over-fatur- 
ated with its acid (§ 653). For this reafon it has 
in the new nomenclature. been called acidulous tar- 


trite of pot afh. 
| § 661. 


The acid of tartar is deftructible by fire. If 
tartar be fubjected alone to dry diftillation, a great 
quantity of carbonated hydrogen gas. (§ 626) and 
of carbonic acid gas ($ 226), is extricated ; and, 
befides thefe, an acid fluid (/pirit of tartar), and 
an empyreumatic oil ( oleum tartari fetidum), is 
obtained. The remaining coal thews, even before 
incineration, its alkaline nature. | 


§ 662. 
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§ 662. 


It would be erroneous to imagine the ‘acid 
fluid, obtained by this procefs, to be the tartareous 
acid in the fame ftate, in which it was before 
contained in the tartar. It was merely gene- 
rated by the alteration, which the fire caufed 


in the proportion of its principles to each other.— 


Befides, if duly purified, it does not prefent: it- 
felf in the character of a diftin& acid, belonging 
to the vegetable kingdom ; notwithf{tanding that 


it has been diftinguifhed by the name of pyro- 


tartareous acid. Its relations to other bodies are 


the fame as thofe of acetic acid.—The empy- 


reumatic oil of tartar is alfo, like all other oils 


of this kind (§ 631), a new produa. 


8008: 

Like other inflammable bodies, tartar detonates 
with ignited nitrat of pot-afh.—Equal quantities 
‘of powdered nitre and crude tartar, mingled, and 
put into a red. hot crucible, yield pot-ath after 
detonation. This pot-afh ‘owes its -exiftence to 
both bodies employed; has by former chemitts 
been called white flux; and differs in no manner 


from any other good, and but partially carbo-_ 


nated vegetable alkali.—If to one part of nitrat 
of pot-afh, three parts of crude tartar be added, 
a portion of the coal afforded by the later, re- 
mains united with the alkali, giving it a black 

colour, 


N 
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colour, and both together conftitute the black 
LE: | 


The name flux is given to this combination; becaufe it 


is added to promote the fulion of earths and metals.— 
Edit. 


: § 664. 
The fuperabundant acid of purified tartar may 
be fully faturated with pot-afh in the humid 
way; if to a hot folution of vegetable alkali as 
much of pulverized tartar be added, as is necef- 
fary, fo that neither the. acıd nor the alkali pre- 
dominates. 


By this combination a neutral falt, the éartrite 
of pot-afk is obtained, which, in the fhops, is 
barbaroufly termed ¢arfarized tartar (tartarus 
fartarizatus)*. This falt may’ be cryftallized ; 
but for common ufe, the lye, thus combined, is 
totally evaporated to drynefs. It is much more 
foluble in water than cryftals or cream of tar- 
tar ($ 657), requiring at s0°Farenh. only 2,264 
parts, and at the temperature of boiling, fcarcely 
equal parts of water to be diffolved, By fire this 
neutral falt. is decompofed. It -burns firft to a 
{pongy coal; but when calcined to whitnefs, it 
leaves the pot-afh behind. 


* Alfo called fal vegetabile; and moft improperly tartarus — 
folubilis, becaufe this appellation likewife fuits the 
combination of tartar with other alkalis—Edit. _ 

5 oS 66 en 


f 
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| § 665. 

Purified tartar, faturated ‘with foda, forms a 
triple falt, called in the fhops fergnette-falt* (fal 
polychrefium de Seignette, fal Rupellenfe or Ro- 
chelle); which fhoots into well-fhaped cryftals, 
whofe figure is very variable. This falt is en- 
tirely, and with eafe, foluble in water. Its cryf- 
tals are permanent. A calcining heat deftroys it. 


* This combination has in the London Pharmacopeia 
obtained the name of matron tartarizatum. It is ufed 
as an addition to cathartics of the refinous kind, &c. 


| § 666. 
With ammoniac the purified tartar affords like- 


wife a triple falt, which has been called /oluble _ 


tartar; allo tartareous Jjal-ammoniac (tarta- 
rus folubilis, ammoniacalis). It. forms . cryftals 


of four-fided columns with terminations ob- 


liquely truncated, and in oppofite direétions. It 
eafily diffolves in water. . Fixed alkalis decom- 
pofe it in the humid way; and by fire it is 
hikewife deftroyed in fuch a. manner, that merely 
the pot-afh of the tartar is left. 


5 8 4607, 
If purified tartar and quick-lime be boiled to- 
gether in water, the refult is, a cauftic lye of 
pot-afh. All the acid of the tartar combines 


with the calcareous earth, and produces with it 
3 | the 
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‘the tartrite of lime, which is almoft infoluble in 
water. If, inftead of burnt lime, crude calcareous 
earth, viz. carbonat of lime, be boiled with tartar 
and water, the whole of the tartareous acid is 
. not feparated from the alkali; but only its pres 
dominating and redundant part unites with the 
chalk. The lixivium yields tartrite of pot-afh 
($ 664), and fome tartrite of lime. 


§ 668. 


Sulphate acid has a ftronger affinity with -cal- 
eareous earth than the acid of tartar ; this laft, 
therefore, may be feparated from the tartrite of 
lime, by the fulphuric acid in the humid way. 
This has induced chemifts to attempt the pro- 
ducing of tartareous acid itfelf in a ftate of purity. 


This vegetable acid has alfo been called efential fal of 


tartar 
§ 669. | 
To prepare this acid, 10 parts of pulverized 
arid purified acidulous tartrite of pot-ath (§ 660) 
are boiled with a fufficient quantity of water in 
a pewter veffel. Dry, finely powdered, and elu- 
triated chalk is then put in by fmall quantities 
at a time, until no more effervefcence enfues. 
Tartrite of lime or tartareous felenite will pre- 
Cipitate ; and the lye ftanding upon the fediment is 
tartrite of pot-afh. This lixivium muft be de- 
VOR. a AL canted, 
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canted, and may be cryftallized after filtration, 
or fimply evaporated (§ 664). 


The earthy falt, which formed the precipitate, 
is firft carefully lixiviated with water, and put 
into a matrafs. Thirty parts of diluted fulphuric 
acid, made by mixing,3 parts of the concen- 
trated acid with 27 of water, are then poured 
upon it. The whole is left in digeftion for at 
leaft 12 hours, with a gentle heat. After which 
the clear liquid 1s decanted, and the -refiduum, 
which, by the union of the fulphuric acid 
with lime, forms gypfum ($ 407), 1s prefled and 
wafhed -with cold water, to get out the adhering 
acid, which is added to the. clear liquor of the . 
"preceding decantation, and is the tartareous acid. 
It is next filtered, and gently evaporated in flat 
porcelain or glafs veffels ; during which operation it 
depofites gypfum, which, from time to time, muft 
be feparated. 


The evaporation is to be carried on to the con- 

fiftence of a thin fyrup. And when the clear. 
— tartareous acid is then left to a continued, flow, 
and imperceptible evaporation, it cryftallizes. 


Chemittry is indebted, to Scheele for this method. To 
be affured that no vitriolic acid is contained in the 
liquor, a folution of fugar of lead is added to a 
{mall portion of it. The white precipitate, formed. 
by this, will be diffolved on the addition of nitric 

. acid, if it be merely tartarite of lead, and there - 

be 
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be no fulphat of lead formed by the vitriolic acid. 
The tranflator cannot recommend Schiller’s method 
in the Chemical Annals of Crell, #787, which con- 

- fifts in fimply boiling 1 {6 of cream of tartar, with 
6 {6 of water, and adding +4 }5 of concentrated ful- 
phuric acid. It feems more fimple indeed, and is 
apparently true in theory; yet the tranflator has, on 
feveral attempts, as little fucceeded as others. In- 
ftead of vitriolated tartar, and tartareous acid, there is 

_ always only fimple tartar produced, though fomewhat 
fulphated.Edit. | 


§ 670. | 

This effential falt of tartar forms tabular, Ind 
fometimes ‚fpear-fhaped cryftals, bundled together 
in glandular groups. Their tafte is exceedingly 
four; they are not altered by the air; but they 
are eafıly diffolved in water, and not volatilized by 
boiling heat. 

f § 671: 

Tartareous . acid is deftroyed by fire, and con- 
fumed. By dry diftillation it gives the fame pro- 
ducts as tartar: namely, carbonated hydrogen gas, 
carbonic acid gas, a four phlegm which is ana- _ 
logous to acetic acid, and an empyreumatic oil. 
‘There remains fome coal in the retort. — er 


§ 672. 

Hence the radical of tartareous acıd conffle 
‘of hydrogen and carbon. Both together, united 
with a certain portion ef oxygen, form.this acid; 
which on account of its peculiar properties is to be 

Aa 2, con- 


* 
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confidered as a diftinét acid. It is doubtlefs ca- 
 pable of receiving a greater fhare of oxygen, and 
of different proportions, in the component parts 
of its bafıs.—But it is then no longer tartareous 
acid; but is converted into another fpecies of 
vegetable acid, as is proved even by dry diftil- 
lation (§ 671). 


: SEEN 
Tartareous acid boiled with the fulphuric, is, 
for the moft part, converted into acetic acid. 
The fulphutic is changed into fulphureous acid 
by this precefs; and carbonic acid gas is gene- 
tated at the fame time. 


§ 674. 

Concentrated nitric acid is likewife decompofed 

in heat by the acid of tartar; nitrous gas, acetic 
and carbonic acids are then produced. 


| 8.675. 

1. If tartareous acid be completely faturated, 
with pot-afh, the fame neutral falt is obtained, 
as by combining tartar with pot-afh, viz. tar- 
trite of pot-afh, or the ofhcinal Zartarus tarta- 
rizatus (§ 664). If lefs of the vegetable alkali 
“be added to tartareous acid diffolved in water, 
it produces tartar, called regenerated tartar, 
which in confequence of its difficult folution 
precipitates, and this proves, that the tartareous 

des | acid 
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acid pre-exifted as fuch in the tartar. Tartrite 
of pot-afh may be again converted into tartar, by 
adding tartareous acid to a folution of the former. 


‘8 676. 
No ufe is made of the combinations: of pure - 
tartareous acid with other alkalis, and alkaline 
earths. Such are, 2. Yartrite of foda. 3. Tar- 
trite of ammoniac. 4. Tartrite of lime; the ufe 
of which laft in the preparation of tartareous acid 
has been mentioned before (§ 668); and befides, 
the ¢artrites 5. of magnefia, 6. of alumine, 7, 
of barytes, and 8. of Strontian-earth. 


§ 677. 

The fucceffive feries of affinities of ace and 
‘earths with tartareous acid, is as follows: lime, to 
which it has the ftrongeft affinity, then barytes, 
magnefia, pot-afh, foda, ammoniac, and laftiy, 
alumine. 

$ 678. 

The lixivium remaining from the decompofi- 
tion of tartar, or of the tartareous neutral- 
falts by quick-lime, has the particular property of 
continuing clear and bright, “while cold; but 
growing milky. on being heated, whether in open 
or clofed veffels. It alfo acquires this turbidnefs 
by being largely diluted with water; and be- 
comes clear and pellucid by cooling. WER 


A a 3 § 679. 
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$ 679. 

With regard to affinity with alkalis and arte 
the tartareous acid is by far fuperior to the car- 
bonic; but is greatly exceeded by the /ulphuric. 
Of the mutual decompofitions of the fulphats 
and tartrites, we only take notice, in this place, 
of the tartrite of pot-afh decompofed by ful- 
phat of. foda. -In order to make the ‘experi- 
ment, let fix parts of purified tartar be faturated 
with vegetable alkali, and add to the folution 
of the tartrite of pot-afh, thus formed, five parts 
of fulphat of foda. It will be found, that after 
evaporation, fome fulphat of pot-afh firft cryf- 

tallizes, and afterwards. feignette-falt ($ 665), 


§ 680, 

The nitric, muriatic, and fluoric acids precede 
the tartareous in their affinities with alkalis and 
earths: the calcareous earth excepted, whofe at- 
traction for the tartareous is greater than for the 
other acids juft mentioned. The boracic. acid 
has a weaker affinity with all alkalis and ‘earths, 
than the tartareous, | 


Of the able es cream of tartar (Cremor tartari folubilis), 


8 681. 


The great tendency of tartareous acid to unite 


with a certain definite portion of vegetable alkali, 
and 
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and to form by this combination tartar of fo 
dificult folubility (§ 658), produces a feeming 
exception from the general laws of affinities. 
Even fuch acids, the acetic for inftance, as are 
not fo ftrongly attracted by pot-alh as the tar- 
tareous, decompofe the neutral tartrite of pot-ath, 
and ,feparate from it—not the tartareous acid, 
but tartar.—And thus alfo, whenever tartareous. 
acid is added to the folution of any neutral falt, 
whofe bafis is pot-a/kh, as muriat‘ of pot-afh 
(§ 539), tartar is again generated. 


Salt of Wood-Sorrel.—Oxalic Acid. 


§ 682. 


If the freth leaves of wood-forrel (oxalis acetofella, 
oral. corniculata) or of garden-forrel (rumex 
acetofa) be bruifed or pounded in a wooden 
mortar; if their juice be then exprefled, and 
after: purification by reft and filtration, it be fur- 
ther clarified by boiling with the white of eggs 
and laftly, evaporated, and left in glafs bowls for. 
fpontaneous imperceptible exhalation, the effen- 
tial falt of thefe plants will fhoot into cryftals round . 
the fides of the veflel. This is what 1s called /alé 
of twood-forrel (fal acetofelle). Its cryftals re- 
quire a repeated folution in water, filtration, 
evaporation, and cryftallization, to render them 
white and pure. This falt’ is chiefly and- in. 

Aa 4 large 
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large quantities prepared in the Schwarzwald 
(Black-Foreft in Germany). 


It is obvious that this falt cannot be prepared with any 
profpect of profit, unlefs in fuch territories where 
there is an abundance of the plant, and at the fame 
time plenty and cheapnefs of fuel: when it is con- 

: ‘ fidered, that accordihg to Hermbfadt, from 50 pounds 
of the frefh plant, 25 pounds of juice, and from thefe 
hardly more than 2 ounces of falt are obtained.—Edit. 


| “Re 683, 

The cryftals of the falt of forrel are‘ minute, 
of an undetermined figure, permanent in the air, 
and with difficulty diffolved by cold water. Of 
boiling water they require 6 parts ‘for folution, 
The acid contained in this falt is much ftronger 
than that which is obtained from tartar. -It 1s 
not volatilized by the heat of boiling water, 


§ 684. 

Salt of forrel is as little a pure vegetable acid 
as tartar. It 1s, on the contrary, the vegetable 
alkali over-charged with a peculiar acid belong- 
ing to this falt. Expofed to fire, it melts after 
{ome decrepitation; gives out a very pungent 
four vapour, and leaves pot-afh behind, When 
fubjeéted to dry diftillation, it emits carbonated 
hydrogen and carbonic acid gas; and befides, angeid 

fluid, together with fome fublimed concrete acid. 
But it yields no empyreumatic oil, nor is there 
- any 
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any coaly refiduum left, but mere vegetable al- 
kalı. | 
§ 685. 

Confequentiy, the acid of the falt of forrel is 
_ decompofed in heat, like the tartareous ($ 684). 
And for this reafon, the dry diftillation of this falt 
is not a fuitable expedient for producing its acid in 
the fame flate in which it exifted in the falt. 
This purpofe can only be accompliihed by fe- 
parating the acid in the humid wisi and in the 
following manner; 


The falt of forrel is firft faturated with ammo- 
niac, whereby a triple falt is obtained; confifting 
of the acid peculiar to that falt, of pot-ath, and 
of ammoniac. To the folution of this triple falt 
a folution of barytes in nitric acid is gradually 
added by drops, and as long as any precipitate 
takes place. By fo doing, the acid of the falt of 
forrel combines with the barytes into a middle 
{alt of very difficult folution, which precipitates ; 
while on the other fide, the nitric acid, pot-ath, 
and ammoniac unite, and form together a new, 
and very foluble triple falt. The oxalat of barytes, 
which is the above precipitate, is edulcorated with 
cold diftilled water; put into a matrafs, and again 
decompofed by affufing upon it diluted fulphuric 
acid; which, from its ftronger affinity, feizes the 
barytes, forming with it fulphat of barytes (§ 423), 
and fets free the acid of the falt of forrel—This 

acid 
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acid mixes now with the diluting water, by which 
it is held in folution. | 


Nothing then remains, but to filter the folu- 
tion, and to fuffer it gently to evaporate; upon 
which the acid cryftallizes. The fulphat of ba- 
rytes remaining on the filter ought alfo to be 
edulcorated, 

.$ 686. 


This acid, thus obtained, is called oralic acid, 
and we cannot help confidering it as a diftinct - 
peculiar acid of the vegetable kingdom. Its cryf- 
tals haye at times the form of rhomboidal tables 
with truncated lateral edges; but are ufually fpear- 
fhaped. The tafte of this acid is extremely four. 
The oxalic acid itfelf is much more foluble in 
water than the falt of forrel; and it is not vola- 
tile in the heat of boiling water. 

The oxalic acid goes alfo by the name of acid of fugar. 
Indeed it may be obtained from that fubftance in a 


cheaper, and fpeedier way; as will be fhewn § 728. 
Edit. 


§ 687. 

The bafis of oxalic acid is a compound. If 
that acid be diftilled by itfelf, we obtain from it 
carbonated hydrogen gas, carbonic acid gas, a little 
four phlegm, and fome fublimed concrete acid 
‘falt, which füll retains the properties of oxalic 
acid, Nothing remains in the retort, but a {mall 

quantity 
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quantity of a grey or brown refidue, which almoft 
totally difappears in open fire. The falt, that 

was fublimed, is farther bag Othe by diftilling it 
a fecond time. 


§ 688. 


Hence it follows, that the radical of oxalic aa 
is, like that of the tartareous, compofed of hy- 
drogen and carbon.—The oxalic is diftinguifhed 
from the tartareous acid by nothing elfe than by 
a different proportion of oxygen, and of the prin- 
' ciples of its bafis. The tartareous acid may, for 
this reafon, be transformed into oxalic, by diftil- 
ling weakened nitric acid upon the former in a 
low heat; by which management nitrous and 
carbonic acid gafes are generated. By concen- 
trated nitric acid, and ftronger heat, the tarta- 
reous is converted into acetic acid (§ 674); and 
the fame happens to the oxalic, when treated in 
the fame manner.—Thus alfo the concentrated ful- 
phuric acid is decompofed in heat by the oxalic; 
and acetic, fulphureous and carbonic acids, are 
produced, and volatilized. 3 


$ 689. 

If into oxalic acid, diffolved in water, a folu- 
tion of pot-afh be dropped, and the quantity of 
water be not too great, a four faline powder 
will immediately precipitate, whofe properties are 
in every refpect like thofe of the falt of forrel. 

2 a | 
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1. If the pot-afh be fully faturated with oxalic 
acid, the product of this combination is the ovalat 
of pot-afh: a neutral falt by far more foluble, 
than falt of forrel. However, neither this, nor 2. 
‚the oralat of foda, nor 3. the oralat of ammoniac, 
arein any way employed inartsor medicine. They 
are all of them deftroyed by fire, 


§ 690. 

4. Calcareous earth has a very powerful. at- 
traction for oxalic acid, and conftitutes with it 
a mixture infoluble in water. If a little of a 
folution of oxalic acid be dropped into Jıme- 
water, the acid and the earth will inftantaneoufly 
-combine, and as readily precipitate: forming a 
middle falt, the oralat of lime. This falt is def- 
titute of tafte ; itis deftroyed by fire, without leav- 
ing a coaly refidue; and is by this property dil; 
tinguifhed from tartrite of lime. 


§ 691. 

5. Another earthy faline combination of this 
acid, 6. the oralat of magnefa is likewile infoluble 
in water. 7. The oxalat of barytes is of very fpar- 
ing folubility ; 8. the oxvalat of alumine, or argil, 
on the contrary, is BSÜRRSISSHES: 


§ 692, | 
The fucceflive order, of affinities of the oxalic 
acid with alkalis sand earths, is as follows.—Lime, 
barytes,- 


| 
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barytes, magnefia, pot-afh, foda, ammoniac, alu- 
mine. | A 
..$ 093. | 
As to affinities with alkalis and earths, com- 
paratively with other acids, the oxalic acid by far 
exceeds the carbonic. . It is inferior to the /ul- 
phuric, with regard to barytes and alumine; but 
fuperior to it with lime and magnefa. Both the 
nitric and muriatic acids exceed the oxalic in 
‘their affinities with alkalis and alumine; but are 
inferior to it with lime, magnefia, and barytes.—- 
By the fuoric acid the neutral oxalats ($ 689) 
are decompofed; but not the oxalats of the. 
middle, or earthy faline kind (§ 690, 91). And 
the boracic acid, through the whole lift of al- 
kalis and earths, has a more remote affinity than 
the oxalic. 


§ 694. 

From the very ftrong attraction which the 
oxalic acid has for lime, even fuperior to that of 
the fulphuric (§ 693), it proves an excellent re- 
agent for difcovering calcareous earth in any fluid ; 
even when this earth is united to an acid. Thus, 
for inftance, the addition of oxalic acid to com- 
mon water, impregnated with gypfum, or fulphat 
of lime, immediately deftroys its limpidity, and 
oxalat of lime is precipitated. This purpofe is 
beft anfwered by the oxalat of ammoniac. 


-$ 695. 
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§ 695. 

Like the tartareous acid, the oxalic has a ftrong 
tendency to combine with a certain quantity of 
pot-afh; thus forming common falt of forrel. 
This phenomenon is in appearance another ano- 
maly, or. deviation from the laws of attraction, 
exerted by pot-afh on acids. | 


Citric Acid. 


| § 696. 

The juice of lemons, or limes (/uccus citri), 
contains alfo a peculiar acid of its owh; but 
united with foreign, efpecially mucilaginous parts, 
from which it muft be feparated in order to 
produce pure cifric acid. | 


§ 697. 

For this purpofe, the juice of lemons, pro- 
cured by preffure, is heated; then refined by 
ftrainıng and filtering, and faturated with 
powdered chalk, until all effervefcence ceafes.— 
The precipitate formed is calcareous earth, fa- 
turated with acid of lemon, or citrat of lime: . 
of difficult folubility, and feparable from the 
fluid by fubfequent filtration. It ought alfo to 
be eduleorated with cold water. As the fulphu- 
‘ric acid has a fironger. attraction for lime than 
the citric, this laft is difengaged from the citrat, 
by means of diluted fulphuric acid, affufed upon 

gaat 
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it in a fufficient quantity * , and with which, after 
proper ftirring, it is boiled for a few minutes. 
After refrigeration, the contents of the matrafs 
are filtered; the remainder on the filter being 
gypfum, and the filtered lye being. pure citric 
acid, which by) evaporation of the diluting water 
is rendered capable of cryftallizing ; at the fame 
time, that the gypfum, formed by the union of 
fulphuric acid with lime, and of which flill a part 
remains diffolved in the liquid, is feparated, and 
fubfides. : 


* The.requifite quantity of fulphuric acid is that which 
is required to faturate the lime. Henge the portions 
of chalk added to the juice of lemons muft be goted 
down, and the quantity of fulphuric acid required 
for its faturation regulated accordingly. This pro- 
portion, if not known by other fads, or by the 
tables that have been given of fuch proeeffes, may 
be found out by a feparate trial in {mall quantities, 
For inftance, half an ounce of chalk may be faturat- 
ed, adding the fulphuric acid by fmall portions, and 
taking notice what quantity of it is required to ef- 

_fe& the faturation. ‘The fame method holds good as 
a general rule in all other fuch operations. —Edit. 


$ 698. 

The cryftals of citric acid have an BEN 
fhäpe, truncated on their folid angles or points. 
They are permanent in the air; are with eafe 
. diffolved by water, and excite a very four 
tate, ee a . . ° 


Pr 3 


§ 699. 


\ 
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| $ 099. Ox 

Citric acid is, like all the other acids pecus 

liar to vegetables, deftructible by fire; and it 

yields by dry diftillation, carbonated hydrogen 

gas, carbonic acid gas, an empyreumatic four 
phlegm, and leaves fome coal behind. 


§ 700. 

By this fact it appears, that hydrogen and car- 
bon likewife conftitute the radical of citric acid; 
but, doubtlefs, in proportions of thefe compo- 
nent parts to oxygen, different from thofe by 
which the tartareous and oxalic acids are formed. 
On a fimilar treatment with thefe laft (§ 673, 
688), the citric acid likewife in-heat robs the 
fulphuric acid of part of its oxygen, is itfelf con- 
verted partly into acetic, and partly into carbonic 
acid ; and the fulphuric acid efiumes the ftate of 
the fulphureous. | 

$ 701. 

The citric is diftinguifhed from other vege- 
table acids by particular neutral and middle falts, 
denominated cifrats, which it forms with alkalis 
andearths. 1. The citrat of pot-a/h, and 2. the ci- 
rat of foda, are cryftallizable; but, 3. the “e7- 
trat of ammoniac is not fo. Of the middle falts of 
this kind, 4. the citrat of lime * is earthy and 
taftelefS; 5. the citrat of magnefa deliquefcent ; 

6. the 
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6. the citrat of barytes, and laftly, 7. the ci- 
trat of alumine, both of difficult folution. 


* Synonyma: Oculi cancrorum citrati, conchae citratae. 


$ 702. 

We have feen that the citric acıd is decom- 
pofable or deftrudtible by fire (§ 699), and for 
thıs reafon, all citrats, whether earthy or alkalıne, 
are deftroyed by heat; yet it feems to be worth 
while to inveftigate farther the nature and pro- 
perties of thefe falts. " 
$ 703. 

The following is the order in which alkalis and 
earths fucceed each other, with regard to the de- 
sree of affinity with citric acid.—Ponderous earth, 
_ lime, magnefia, pot-afh, foda, ammonıac, | 


$ 704. | 

In the humid way, both the carbonic and bo- 
racic acids are expelled from alkalis by the ci- 
tric; which, however, has a weaker affinity for the 
alkalis, than all the other acids hitherto treated of. 
The citric acid is, befides, diftinguifhed from the 
two preceding vegetable acids: firft, from the 
tartareous, by not decompofing, like this (§ 681), 
the muriat of pot-afh; and, fecondly, from the 
oxalic acid, by its not decompofing gypfum, 
which: is decompofed by this !aft (§ 693). | 

VOL, 1. | Bb , Malic 
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Malic Acid. 


$ 705. 
Verjuice or the juice of all forts of unripe or 
four apples contains an acid of a peculiar kind, 
which has been denominated malic acid. 


After the unfermented juice preffed out from 
apples has been clarified, it 1s faturated with 
chalk; this folution is in the next place ftrained 
and mixed with alkohol, or rectified ardent fpi- 
rit. The alkohol unites with the watery parts 
of the juice; and the acid uniting with the cal- 
careous earth, forms malat of lime, which pre- 
cipitates, and is feparated from the fupernatant 
liquid, by means of a filter. Laftly, the malic 
acid. is difengaged from the wafhed malat by 
diluted fulphuric acid; which, by virtue of its: 
ftronger attraction, lays hold of the lime, forming 
with it gypfum, and thus fets the malic acid at 
liberty. ns 
§ 706. 

The malie acid never eryftallizes, but continues. 
‘liquid, Of its neutral combinations, 1. the 
malat of pot-afh, 2. the malat of foda, and, 3. 
the malat of ammoniac are ‘all deliquefcent. Of 
its combinations with earths, 4. the malaf. of 
lime admits of being cryftallized, and alfo, 5. 

the , 
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the malat of barytes; 6. the malat of magne- 
fia is again deliquefcent ; but, on the contrary, 7. 
malat of alumine is of difficult folution. 


~ 


f 


DIR 
Fire decompofes the malic acid, and lıkewife 
all its neutral and middle-falts. By diftilling dry 
malat of lime, carbonated hydrogen gas, and car- 
bonic acid gas are produced, as from the. forego- 
ing vegetable acids; and the calcareous earth, to- 
gether with a coaly refidue, remains in the retort. 
It follows from this, that the radical of malic 
acid likewife confifts of hydrogen and carbon. By 
a {mall portion of the nitric acid, the malic acid 
may be converted into the oxalic. 


Concerning other four Juices of Plants. 


§ 708. 
The acids afforded by other plants have been 
found not to differ from thofe which we have 
before examined. ; 


Thus from tamarinds (tamarindus indica) tar- 
tareous acid, and tartar, are alfo obtained; and 
citric acid, according to Vauguelin. 


The juice of jour cherries (cerafum apronia- 
num) contains citric and malic acid. 
Bb 2 The 
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The berries of fumac (rhus coriaria) contain 
' tartareous acid and tartar. 


Common cranberries (vaccinium oxycoccos), 
red bilberries (vaccinium vitis idea), the bird 
.. cherry (prunus padus), the berries of bitter-fweet 
(folanum dulcamara), and hips (cynofbatus) con- 
tain more citric than malic acid. | 


_ Berberries (berberis vulgaris), elder-berries 
(fambucus nigra), floes (prunus /pinofa), berries 
of the wild Jervice-tree (forbus aucuparia) and 
the common plum (prunus domefica), contain 
more malic than citric acid. 


Goofeberries (ribes grofularia), white and red 
currants (ribes album et rubrum), whortle- berries 
(vaccinium myrtillus), ftrawberries (fragaria 
vefca), and rafpberries ( rubus -wdeus), contain 
almoft equal portions of citric and malic acid. 


Unripe grapes (uva immatura) contain merely 
citric acid. é ~ 


Benzoic Acid. 


§ 709. 

In the fragrant refin called Benzorn there exifts a 
falt, which on account of its properties cannot but 
be confidered as a diftin& vegetable acid, known by 
the appellation of Benzoic Acid—~The method of © 

pro- 
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procuring it is this. —Benzoin is expofed in a cru- 
-cible to a gentle heat; a cornet of paper, conically 
twifted, with the open bafe turned downwards, is 
placed on the aperture of the crucible. A ftrong, 
white, very pungent {moke fublimes from the refin, 
fettling around the infide of the paper in white 
glittering needles, whofe officinal name 1s flowers 
of benzoin, and which are the benzoic acid. 


Spo. 


The benzoic acid may be procured more co- 
pioufly, and in a lefs troublefome way, by boiling 
four parts of finely pulverized benzoin with one 
part of burnt lime, and four parts of water. 


The operation fhould be performed in a pewter 
veflel, and with conftant ftirring. The acid con- 
tained in the refin unites with the calcareous~ 
earth to a middle falt, which remains diffolved 
in the lixivium, and muft be filtered. The refi- 
duum is again boiled, but with a double quan- 
tity of water; and, when boiled, filtered and mixed 
with the firft lye. Both lyes together are now in - 
part evaporated ; and,-after they have cooled, mu- 
riatic acid is dropped in till no more precipitate 
fubfides: | 


“ This precipitate, carefully lixiviated with cold 

water and dried, 1s the benzoic acid, which is pu- 
rified by repeated folutions in boiling water and 
\ ®b3 filtration ; 
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filtration; and may, by flow refrigeration, be caufed 
to fhoot into beautiful cryftals in the fhape of 
needles, or fhort filky threads. 


“ The muriatic acid, by its ftronger affinity, feizes the 
lime, and forms with it a foluble falt. But as the 
benzoic acid is lefs foluble, and the quantity of water“ 
neceflary for its folution is diminifhed by evaporation, 
it falls down; and ftill more fo, as the folvent power 
of water decreafes by cooling. The precipitate, in 
the firft part of the operation, is of a powdery form. — 


Edit. | 
S$ 711. 

The acidity of benzoic acid is not predominant ; 
its tafte is, however, of a very irritating and acrid 
kind. In cold water it is of very difficult folution; 
boiling water has,a much greater power upon it. 
Its cryftals are not affected by the influence of air; 
but they are volatile in moderate heat ($ 709 ). 
They are combuftible; but, to be burnt, they muft 
be placed in immediate contact with red-hot char- 
coal. They alfo detonate with ignited nitrat of 
pot-afh. 


Syplz. 

The bafıs of this acid appears likewife to be a 
- compound of hydrogen ‘and carbon. Yet thefe 
principles muft in this acid bear ‘proportions to 
reach other, as well as to oxygen, different from 
thofe by which the vegetable acids mentioned be- 
fore are formed,— This acid falt being volatile in 

tite, 


=" 
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fire, its decompofition is not an eafy matter. Yet, 
by being diftilled with: fulphuric acid and the na- 
tive black oxyd of manganefe, it is decompofed, 
and becomes acetic acid.—The concentrated ful- 
-phuric and nitric acids are not decompofed by it 
- in the humid way; and both diffolve it eafily, but 
drop it again unaltered on the addition of water. 


$ 713. 

The benzoic acid combines with all alkalis, and 
with alkaline earths, forming by this union cryftal- 
lizable, neutral, and middle falts, of which till now 
no ufe has been made. 


1, Benzoat of pot-qjh; 2, benzoat of foda; 
3, benzoat of ammoniac; and 


The benzoats, 4, of lime; 5, of magnefia ; 6, 
of alumine; 7, of barytes; 8, of Strontian- 
earth. 


§ 714. 

The affinities of alkaline fubftances with the ben- 
zoic acid are in this order: Firft, lime; then barytes, 
pot-afh, foda, ammoniac, magnefia, and laft of all 
alumine. 

| $ 715. 

By the benzoic acid the carbonic and boracie 
; acids are expelled from alkalis and earths. The 
benzoic is, on the other hand, itfelf expelled from 
» thefe fubftances by. the fulphuric, nitric, nitrous, 
| »b4 | fluoric, 
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fluoric, tartareous, oxalic, citric, and malic acids. 
The explanation of thefe phenomena is, as in all 
other cafes of this cs ai to be found in the laws of 
attractions, 


Gallic Acid. 


Sun. 

Various plants, entirely or in part, manifeft an 
aftringent tafte; and are alfo poflefled of the cha-- 
racteriftic property, that their aqueous or fpirituous 
infufion precipitates the fulphat of iron (green vi- 
triol) from its folution, of a black or black - blue 
colour. | Ä 


So 77. 

Thefe qualities are poffeffed in an eminent de- 
gree by the nuz-galls; and, befides, by the bark of 
oak, fumach, the rinds of pomegranate, tormentil- 
root, bifort or {nake-weed, and feveral others. 


| $ 718. ‘ 
From ics galls fubjected © to dry diftillation car- _ 
~bonated hydrogen gas, and carbonic acid gas, are 
extricated; befides thefe, a four phlegm and em-. 
pyreumatic oil. comes over; and at the fame time 
fublimes a light refplendent falt, evidently four, 
which may be purified by fubliming it a fecond 
“time with a gentle heat in two glafs-cups fattened 
ta- 
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_ together, and may be thus brought to the form of 
rather long fhining cryftals, radiating from a com- 
‘mon centre, and croffing one another. . Part of this 
{alt is alfo contained in a diffolved ftate in the above 
acid fluid, which 1s collected in the receiver when 
dry nut-galls are diftilled. 


§ 719. 

Befides this method, the above acid falt may be 
obtained from nut-galls in various other ways.—It 
conftitutes a peculiar acid belonging to the vege- 
table kingdom, and is diftinguifhed by the name of 
gallic acid*. Iron 1s precipitated of a black hue 
from its faturated folution in acids by this falt, even 
without any addition. From this, therefore, we 
muft explain that property, which the nut-galls pof- 
fefs in common with other aftringent plants. But 
the extracts of nut-galls, the fpirituous as well as 
the aqueous, contain, befides this gallic acid, fome 
mucilaginous, refinous, extractive matter; which, in 
the opinion of Dejeur, conftitutes in thefe nuts, 
together with the acid, a compound which, by thefe 
ineredients, is rendered foluble in water as well as in 
fpirit of wine. | 


* It is alfo called aftringent principle. 


According to Chapial, Elements de Chymie, 1795, Tome 
. JH. page 331, the folution of gold is by this acid 
. rendered of a dark green, and the metal is reduced 


and precipitated as a brown powder, ‘The folution 
of 
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of filver is turned brown by it, and the //ver falls 
down as a grey powder in the metallic ftate.—Mer- 
‚sury is by this falt precipitated of an orange-yellow, 
copper of a brown, and /ugar of lead of a white co- 
lour.—Edit. 


8: Tan! 

"By nitric acid the gallic may be converted into 
oxalic acid. By this circumftance it feems to me 
unqueftionable, that the gallic acid has alfo a bafis 
compofed of hydrogen and carbon; but which, of 
courfe, muft be fuppofed to contain thefe prin- 
ciples in proportions different from thofe other ve- 
getable acids, as well relatively to each other as to 
the fhare of oxygen. Dejeux, neverthelefs, afferts, 
that its radical is fimply carbon; and that the dif- 
ference of gallic from carbonic acid confifts merely 
in the different quantities of their oxygen. 


bape yee 
_ The neutral and middle falts, or gallats, formed 
by the gallic acid in combination with alkaline fub- 
flances, have not yet been fufficiently examined. 
All of them have the property of precipitating 
iron of a black colour. 


. Gallat of pot- afı; 2. of fodas 3 3. of am~ 


moniac. 


4. Gallat of limes 5. of magnefa; 6. of 


alumine; 7. of barytes ; 8. of Strontian- 


earth. 
Sugar. 
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Sugar. 


$ 722. 

Sugar (faccharum) is a true effential falt of the 
vegetable kingdom, contained in all plants of a 
{weet tafte, and in their parts; though it can only 
be extracted from a few in a flate of purity and 
with profit. It is a product of nature, and art 
can do nothing elfe than feparate and purify it. 


$ 723. | 
Common fugar is prepared, particularly in the 
_Weft-Indies, from the juice of the fugar-cane (fac- 
charum oficinarum). This juice being greatly dif- 
pofed to ferment, it is indifpenfably neceflary to 
feparate the fugar as foon as the juice has been 
“ preffed out of the cane. This is effected by eva- 
poration and coagulation; but to fucceed in it, the 
faccharine acid contained in the liquor, and which 
would prevent the fugar from coagulating, muft be 
firft parted by adding lime, and the liquor be well 
fkirmnmed.—The fugar 1s made to coagulate by pro- 
perly infpiffating the faccharine liquor and by cooling; 
after which the mother-water (melafes or treacle) 
is drained off.—Sugar thus procured is called raw 
Sugar, ot mofcovade; is of a yellow colour, and is“ 
fent « 
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fent to Europe in this ftate for farther refining. 
Sugar farther purified from melaffes, is called powder 
Sugar, and alfo cafonade. 


The laft and complete purification, or refining 
of fugar, is done in the following manner :-—Raw 
fugar is boiled again in copper-kettles with lime- 
water and bullock’s blood, carefully defpumated 
and ftrained through woollen-cloth, and once more 
boiled down toa proper degree of confiftence. This 
faccharine decoction is now ready for cooling, which 
is performed by lading it firft into a large copper 
cooler, and by transferring it from this into flat © 
pans well moiftened before hand, where it is re- 
peatedly ftirred to prevent its coalefcing into larger _ 
eryftals.—When completely cold it is put into un- 

glazed conical moulds made of clay, the lower {mall 
aperture of which is flopped up. In thefe it is 
fuffered fully to coagulate. But the fuperfluous 
fyrup is caufed to trickle off, by opening the lower 
points of the inoulds. 


_ Sugar thus prepared is called loaf-fugar. An 
ingenious way of freeing it from the adhering par- 
ticles of fyrup, and of making it perfectly white, 
has been cortrived, by covering the bafe of the in- 
verted conical form with clay, previoufly foftened 
by maceration in water, of the thicknefs of feveral 
inches, and which is now and then moiftened with 
a little water. By this excellent contrivance the 
| {mall 
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fmall cryftals of fugar, though of fo deliquefcent a 
nature, are wafhed and cleanfed.from adhering foul 
water; and, befides, the colouring thiols and 
other impurities are diffolved and carried off.—The 
operations here mentioned are feveral times repeated 
until the fugar has obtained the whitenefs and fine- 
nefs required.—At laft the fugar-loaves are tho- 
roughly dried 1 in heated rooms. 


ie ok 
The /yrup collected on the infpiffation of the 
juice preffed from the cane, as well as that which is 
obtained at the refining of fugar, ıs only produced 
and generated by the operation. It is {ugar which, 
at a heat exceeding the degree of boiling water, has 
already fuffered a beginning decompofition. 


§ 725. 

Sugar is neither an acid nor an alkaline falt; it is 
neither a neutral nor.a,middle {alt ; it is in every 
refpedt to be confidered as a falt of a peculiar na- 
ture. Sugar is very foluble in water, and requires 
at 50° Farenh. no more than 1,333 parts of it.— 
Sugar may be cryftallized, as 1s obvious from /usar- 
candy, which is prepared by leaving a purified fo- 
lution of fugar not yet boiled down.to a very thick 
confiftence, to quiet exhalation in ftrongly heated 
chambers, in copper or brafs veflels, containing 4 - 
number of threads croffing each other, and faftened. 

ta 
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to the fides in various directions. The fugar thus 
circumftanced fettles and cryftallizes round the 
threads and fides of the veffel. 


Accordingly, as the fugar employed for this pur- 
pofe has been purified in various degrees, the fugar- 
candy will be drown, yellow, or white —The cryftals. 
of fugar form a quadrangular, flattened, oblique ~ 
column, with terminations truncated on two fides. 
Fach of the fmaller lateral furfaces of the column, | 
however, is ufually compofed of two, joining ina 
very obtufe angle. The cryftals’of pure white 
fugar-candy do not deliquefce in air. 


—~ 


§ 726. 


Se is a combuftible fubflance, and is deftroyed 
by fire. Expofed to heat it gives out a ftrong 
acidulous fmoke; it intumefces, and burns to a 
~ coal, which being incinerated fcarcely leaves a re- 
fidue behind. A large quantity of carbonic acid 
gas, and of carbonated ‘hydrogen. gas, is obtained 
from it by diftillation; and, befides thefe, an em- 
pyreumatic acid fpirit, but only a {mall portion of 
empyreumatic oil; and there remains a very fpongy 
coal.— The acid fpirit obtained in this procefs ought 
to be taken for a mixture of acetic with oxalic 
acid; and does not deferve to be received in the 
fyftem as a peculiar acid with the name of pyro-~ 
| gnucous acid, 


ioe $ 727. 
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re: 

. Hence the component parts of fugar are carbon, 
hydrogen, and oxygen; but it does not contain a 
fufficient portion of the laft to form.an acid with the 
firft. Notwithftanding this, if the proportion of 
oxygen be indirectly augmented by taking off a 
part of its carbon, fugar becomes then a true 
acid, and may be converted into oxalic acid by the 
nitric; and, by fermentation, into acetic acid. 


720% 

To effect this pour fix parts of nitric acid upon 
one part of pulverized white fugar. A frothing 
takes place, and nitrous mixed with carbonic acid 
gas is difcharged. Keep the whole in a gentle 
warmth until no more yellow-reddifh vapours arife, - 
and let the refidual lixivium quietly cool.—Cryftals 
of oxalic acid will ihoot out. When thefe have 
been taken out, the remaining lye may be totally 
changed into oxalic acid, if a frefh portion of di- 
luted nitric be added, and the fluid be evaporated 
and cooled, after the effervefcence has ceafed. 


“Bergman, and many others, took this for a particular 
‘acid, diftinguifhed from others; and it was called 
acid of Jugar. But Scheele, the difcoverer of the me- 
thod (§ 685) of preparing oxalic acid, has proved, 
beyond doubt, that the acid obtained from forrel is 
identically the fame as that obtained from fugar. 
This was confirmed by the experiments of 4zfrumé 
and Herm/taedt.—Edit, 

3,72% 
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SV 7 

Sugar is widely diffufed in the vegetable king- 
dom; all fweet-tafted fruits and plants contain it: 
only, becaufe it is fo often united with mucilaginous 
and extractive fnatters, it cannot be obtained from 
them all, efpecially in a profitable way. The juice 
that flows in the {pring from the fugar-maple (acer 
faccharinum), by an incifion made in its ftem, 
yields a true fugar, if properly purified and boiled 
down. It is.at prefent advantageoufly employed for 
that purpofe in North-America.—Sugar has like- 
wife been obtained from par/nip-roots ( paflinaca 
futiva) ; from /kirrets (fium fifarum ) ; from white 
and red beet-roots (beta cicla); from carrots 
(daucus carota); and from the ftalks of India corn 
(zea mays ) * | | | 


* The lateft experiments made with thefe plants for the 
purpofe of preparing fugar from them are thofe of 
Hermftaedt. His paper on that head, tranflated from 
the Neue Schriften naturforfehender Freunde zu Berlia, has 
been given in Nicholfon’s Fournal, Vol. Uk~for the 
month of O&ober, 1799. — Edit, 3 


The Jugar-maple, however, feems to anfwer that pur- 
pofe with the greatef profit—As there are not yet 
‘fufiicient plantations of that tree in Germany, Kla- — 
proth, Achard, and Hermftaedt, of Berlin, attempted to. 
prepare it from a beet called runkelrübe by the Ger- 
mans (beta cicla altifima yaquin), and fucceeded beyond 
expectation. The fugar which it yields 1s as good as 
raw Lifbon fugar, and the pound of it will hardly 

coft 


A 
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coft three-pence. In all appeatance it promifes fair 
to be, within a few years, a fubftitute for the Weft- 
‘India fugat. Thofe chemifts are now about difcover- 
ing a cheap method of refining it. Of the very 
fimple procefs of preparing that fugar by the mere 
evaporation of the liquor preffed out from the mafhed 
root, a fhort account is given in the Phihjephical 
Journal, April, 1799, page 291; and Nicholfon has 
inferted Achard’s circumftantial defeription of the method of 
cultivating the runkelrübe in his Journal for September, 


1799, page 237, feg.—Editor. 


§ 730. 
Among the fweet effential falts of the vegetable 


kingdom manna and honey are alfo to be reckoned. 


Manna exudes from various fpecies of a/k, particu- 
latly the frarinus rotundifolia and ornus, either 


naturally, or by incifions purpofely made on the 


trunk of the tree. — Honey is the work of bees; 
but its origin, and the materials colle&ted for’ it by 
thefe ufeful’ infects, is vegetable. Of thefe two 
honey is, perhaps, moft profitably employed, as it 
contains fo much fugar that its fmall cryftals are 


vifible, after it has ftood for fome time. 


Mucilage of Plants: 


$ 731. 

Various parts of vegetables, for example the roots 
of marfh-mallows, the kernels of quinces, impart 
to water, if boiled with them, a certain toughnefs 
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and glutinofity, yet without much fenfible fapidity. 
The fubftance which, in this cafe, is diflolved by’ 
water, 1s called lime, mucus, mucilage, and remains 
behind, when the decoétion, previoufly ftrained; is 
totally evaporated by a low heat. — The mucilage, 
“when ın this ftate, forms a body. devoid of tafte and 
{mell, not foluble in ardent fpirit, but which is 
diffolved by cold as well as hot water. 


$2750: 

This mucilage exifts in all plants and their parts, 
with this difference only, that it cannot be procured 
in a pure ftate from every one of them. It is alfo 
found in fome plants, and in fome of their the 
more Drau than in others. 


a § 733: 

Some trees fuffer their mucilage to tranfude either 
fpontaneoufly, or by incifions made in them. When 
it has become concrete by drying in the air, it is 
called gum. 


Examples are afforded by gum-arabic from the mimo/a 
nilotica and mim. jenegal; the gum from the plum— and 
cherry-tree (gummi ceraforum ); and gum tragacanth from 
the afragalus tragacantha. | | 


| 8.734 
Mucilage is fufceptible of combuftion. It yields, . 
i” dry ees carbonic acid and carbonated — 
bydmgen. 
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hydrogen gas, an acıd empyreumatic fluid like faput, 
and an empyreumatic oil. The remaining coal is 
very pure; and whatever is left behind, after its in- 
cineration, proceeds from fome adhering extraneous 
matters. | | 
8 735- | 

The mucilage may be changed into oxalic acid 
by the nitric; and Vauguelin has converted it, by 
muriatic acid, into.the citric. _ | 


$ 736. 


The conftituent parts of vegetable mucilage and. 
gum are, therefore, carbon, hydrogen, and fome 
portion of oxygen (§ 734), and confequently the 
fame as thofe of fugar (§ 727 ).—There is, there- 
fore, no other difference between them, than a va- 
riety in the proportions of their radicals to each 
other; and hence their tranfition. from oné, into 
another is eafy while the plant is growing. 


- Of Refin. 


$ 737- 

Refi n (refina) is infoluble in water, but foluble 
in fpirit of wine. It liquefies by heat, may be . 
eafily fet on fire by applying a flame, and is pof- 
fefled of an odour more or lefs ftrong. 


NE § 738. 
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re | 
Py 4d 


$ 738. 
 Refin is a proximate conftituent ingredient in 
feveral parts of vegetables. It is particularly found 
in the wood, roots, and buds. It may be extracted 
from them by ardent fpirit; but there are fome trees 
that fuffer it to exude RE 


To this clafs of bodies belong fizch (§ 632); colophony, 
made by the farther refining of Burgundy pitch; 
majlic, from the piffacia lentifcus; fandarac, from the 
juniperus communis; elemi, from the amyris elemifera; 
tacamahac, from the populus balfamifera ; ; (?) benzoiny 

‘ from the fyrax benzoin; frankincenfe (olibanum), from 
the juniperus lycia; guaiacum, from the guaiacum offi- 
einale; dragon’s-blood, from the calamus rotang, dracena 
draco, and pterocarpus draco; copal, from the rhus copal- 
linun; ladanum, from the ea creticus, and ete las 
(lacca in tabulis). 


$ 739° 

Such refins as fpontaneoufly iffue from their 
plants, owe theit fluidity to an ethereal oil com- 
bined with them, which itfelf is a conflituent part 
of vegetables; and the refins harden after its exhal- 
ation. It is from this oil that the’ fragrant fmell of 
refins orginates. Refins, which have not yet affumed 
the concrete form; but ftill continue in a fluid ftate, 
are called natural balfams*; and they may be con“ 
fidered as refins diffolved by ethereal oils. 


Examples 


Chap. VE] 5" Refins. ‘ao 389 


Examples: Common turpentine (terebinthina vulgaris), ob- 
tained from firs and pines; Venetian turpentine, from 
the pinus larix; Cyprian turpentine, from the piftacia 
terebinthus; Canada balfam, from the pinus baljamea and | 
canadenfis; Copaiva balfam, from the copaifera offici- 
nalis; balfam of Peru, from the myroxylon peruifera; 
alfam of Tolu, from the toluifera balfamum; balfam of 
Mecca, or Gilead ( aban ame liquidum), from the 

\ amyris opobalfamum. 


* Fluidity and fragrancy feem to be eflential requifites 
to the nature of a balfam. Yet Chapral, with fome : 
others, aflerts, that feveral balfams are always in a 
concrete flate; and, according to him, they are refins 
united to an acid falt. Elem. de Chymie, Tome Ill. 
fect..3, article 4.—Edit. 


§ 740, 

Pure refins, when burned in oxygen gas, generate 
carbonic acid gas and water. Befides, if diftilled | 
by themfelves without other addition, except a 
large quantity of fand (which is neceflary on ac- 
count of their great intumefcence), they afford car- 
bonated hydrogen gas, carbonic acid gas, a fourith 
fluid, and much empyreumatic oil, which at the 
end becomes quite pitchy. The remaining goal 1s 
very pure. ~ aes ' 

| 8 741. 

The. -radicals of refins are confequently carbon, 
hydrogen, and fome oxygen. They may alfo be 
produced artificially from ethereal .oils, as will be 
fhewn hereafter. Acids affect them but little. 


Ge 3 Gum- 
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Gum-Refin. 


| $ 742. 

That juice, for the moft part milky, whieh iffues 
from plants wounded by incifion, ıf fpontaneoufly 
exhaled, or artificially evaporated, leaves a refidual 
fubftanee, which is not completely diffolved either 
by water or by fpirit of wine; and is, from this cir- 
cumftance, called gum-refin. It cannot, with pro- 
priety, be confidered as a blended mafs confifting of 
refin and gum; it is rather to be taken for a pe- 
culiar mixture. Many gum-refins are poffeffed of a 
ftrong fmell, and contain various GENE component 
parts ee with them. | 


Such guin-refins are: Gum-aminonine ; galbanum, from the 
bubon galbanum; myrrh; euphorbium, from the euphorbia 
oficinaram ; 'gamboge, fram, the gambogia gutta; afa- 
fetida, from the ferula afa -faetida ; eine ¢ from ns 
feed-veflels of the PaBADe ac u 


Naturalifts well know the difficulties that oceur in ar- 
ranging the produéts of nature; hence the reader will 
not be furprized at finding, in different books, dif. 
ferent lifts of gums, refins, balfams, and gum-refins. 
That of our author feems, however, inl&very efpedt, 
.to be ve rational, Er: ol Desig 


Of 
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Of Gluten. 


$ 743. | 

If wheaten flour be firft kneaded with cold water 
to a firm dough, and if this pafte be wafhed be- - 
tween the hands with cold water conftantly flowing; 
upon it, until the water is no longer rendered milky 
and turbid, but comes off clear and tranfparent, 
there will remain in the hands a tenacious contrac: 
file matter, which, on being forciblyaenlarged by 
pulling while moift, looks gloffy, and in fome man- 
ner like a membrane, and which cannot be diffolved 
either by water or by fpirit of wine. 


§ 744. 
This peculiar fubftance has obtained the name 
of gluten. It hardens. in heat to a brown horny 
matter; is diffolved by acids; is confumed by fire, 
fending forth a fmell like that of fcorched hairs; 
and yields, by diftillation, carbonic acid— and hy- 
drogen gafes, befides fome ammoniac, and an em- 
_ pyreumatic oil.—This gluten is tinged by nitric 
acid of a yellow colour, is decompofed by it, and 
transformed into oxalic acid. 


c.¢ 4 8.748 
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§ 745. 
All experiments made with gluten prove, that it 
is compofed of carbon, hydrogen, azot, phofphorus, 
and oxygen. | 


$ 746. 

The flour of other fpecies of corn, different from, 
wheat, contains a lefs quantity of gluten.—This, 
however, is a conftituent principle of many other 
plants or their parts; of their leaves, for inftance, 
and particularly of the fungi. There is no doubt — 
but that the ammoniac, yielded by plants on dry 
diftillation £§ 633), chiefly arifes from their 
gluten. 


Concenning: Starch, 


$ 747- 
If the rinfing-water collected from the foregoing 

experiment (§ 743) be fuffered to ftand quietly 
for fome time, it lets fall a white powdery fediment. 
“CV EDhis 96: the flarch (amylum), which, when dry, 1s 
pulverulent, taftelefs, without odour, infoluble both 
‘in cold water and ardent fpirit; but is diffolved by 
‘boiling water, making with it pafle, a well known 
fubftance. 


This rinfing- water “ 743) feparated sere the ftarch, 
and filtered, yields, if evaporated before it turns 
four, an extrac which proves to be of a mucilagis 
gous faccharine nature. 


0 
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§ 748. | 
On account of thefe properties we are entitled 
to fay, that ftarch 1s effentially different from both 
mucilage and gluten, By diftillation it gives the 
produéts yielded by mucilage (§ 734), and confe- 
quently confifts of the fame principles; but in the 
ftarch they are united in other proportions than in 
mucilage.-—Nitric acid converts ftarch into oxalic 
and malic acid, 
Kae eee os 
Starch is one of the conftituent parts in all mealy, 
farinaceous feeds, fruits, roots, and other parts of 
plants. Of thefe the fecule of the ancients for 
medicinal ufe are an example. They are mere 
ftarch; as for inftance, the fecula of wake-robix 
, (radix ari, aronis); of bryony {bryonia alba); 
the. farch of potatoes (folanum tuberofum ); of 
fago, from the pith of the palm landanum; the 
; cafava of the Americans, from the munioc-root . 
(jatropha manihot). The /alep roots, from a 
{pecies of orchis, confift for the greateft part of 
- ftarch. 
8 750. 
Our common ftarch is made from wheat. It is 
not neceflary that the grain be firft bruifed in mills. 
~ The entire. corn, well eleanfed, is foaked in cold 
water until the hufk feparates; and the grains, hav- 


ing become quite foft, give out by preffure a milky 
| fluid. 
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fluid.. The grains are then taken out of the water | 
by means of a fieve, put into a coarfe linen fack, - 
and transferred into the Zreading-tub; where they 
are trodden, after cold water has been poured upon 
them. | | | 


By this operation the ftaichy part is wafhed out, 
and mingling with the water makes it milky. The 
water is now drawn off, running through a fieve 
into the /ettling-tub. Frefh water is again affufed 
upon the grains, and the fame operations con- 
tinued, till the water in the treading-tub is no 
longer rendered milky. The ftarch here precipi- 
tates by repofe from the water that held it fuf- 
pended ; during which, efpecially in a warm fea- 
fon, the mucilaginous faccharine matter of the 
flour (§ 747, note), that was diflolved by the water, 
goes into the acetous fermentation. From this 
caufe the ftarch grows ftill purer and whiter. 


_ The water is next let off from the ftarch, which 
is feveral times more wafhed with clear frefh water; | 
the remaining part of which is fuffered to drip 
through linen cloths fupported by hurdles, upon 
which the wet ftarch is placed. When the ftarch 
has fully fubfided, it is wrapt in and wrung-between 
" thefe cloths, or preffed, to extort {till more- of -the 
remaining liquid. It ıs afterwards cut.into pieces, 
whigh are laid in airy places on flightly burnt bricks 
‘to be completely dried, partly by the free currency 
| of 
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of air, and partly by the bricks imbibing their 
moifture. Laftly, the outer cruft is fcraped off, 
and they are broken into {maller pieces. 


In the facks wherein the corn was trodden there 
remain its hufks and glutinous parts; and this re- 
fiduum is employed as food for cattle. _ 


- Albuminous Maiter of Plants, 


§ 751. 

Take fome juice recently prefled from young 
.crefles, or from white cabbage; let it ftand quiet 
for feveral hours, and then pafs it cold through 
filtering-paper. If a glafs bottle filled with this 
clear and tranfparent liquor be placed in. boiling 
water, the liquor will depofite a flocculent matter; 
which being feparated by filtering, and wafhed, re- 
fembles the coagulated white of eggs, and for this 
reafon has rightly been called the albuminous matter 
(albumen) of the vegetable kingdom.—This albu- 
men, before it coagulates, is foluble in cold water, 
and of an infipid tafte. In heat it coagulates, and 
this coagulum is infoluble in hot as well as cold 
water. In fpirit of wine it alfo coagulates, and is 
likewife infoluble. Alkalis and liquid ammoniac 
- diffolve it. | ; 


§ 752. 
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? 
fd 


§ 752. 

Fourcroy found, by analyfing this fubftance, 
every poflible agreement, as to nature and properties, 
between it and the albuminous matter of the ani- 
mal kingdom; which latl will be examined, in its 
proper place. / 


HER | 
This albumen has been met with in the juice of 
a great many plants; and it is this matter, prin- 
cipally, that contributes to the formation of fcum, 
when ‘vegetable juices recently preffed, and clearly 
ftrained, are reduced to a fmaller bulk by boiling, 


Of Fat Oil, 


§ 754 

A fluid matter, infoluble in water, and capable 
of feeding flame if conveyed to it by means of a 
wick, may be expreffed from the feeds and kernels 
of various plants. This liquid is, therefore, an eil 
foleum).. It is, befides, an oil of that kind which 
‚is not diffolved by ardent {pirit ; it foils paper when 
dropped upon it, leaving a {pot which is not made‘ 
to difappear by warming the paper; and poflefies, 
when frefh and pure, a mild tafte, and ufually gives 
no very perceptible {mell,---To diftinguifh it from | 
other | 
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other oils not having thofe characte £1 it 1S dalled 
fatoil ( oleum ung guinofum FR 


Synonyma: Mild oil, fixed oil, expreffed dil (olenns dulce, 
fixum, exprefum).— 


$ 755: F 

In order to obtain ‘pure oil of a good quality the 
feeds and kernels are feparated from their hard fhells 
and hufks, and all other extraneous matters ; they are 
then bruifed, and put into facks or cloths woven 
_ from hemp or horfe-hair; and in thefe they are 
preffed between metallic plates, firft flowly and 
gently, and afterwards more ftrongly.—But, to pro- 
tote the expreffion of the oil, the bruifed feeds are 
firft expofed to the fteam of boiling water; or they 
are placed upon a low fire in a kettle fprinkled with 
water, and thus carefully warmed, with diligent 
{tirring, to prevent their being fcorched, and then 
prefled between warm metallic plates. _ By mere 
cold preffing the oil can by no means be totally got 
out; yet too great a heat, which would caufe a 
‘ ‘commencement of roafting in the feeds and kernels, 
is highly detrimental to the oil. 


‚$ 756. 


Fat oils are, in the beft way (by repofe), fpon- 
taneoufly purified from the mucilaginous parts that 
were prefled out along with them. Refinous and 
- ethereal oily particles which may be contained either ~ 

| | | in 
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in the hufk or in the grain of the feeds, impart to 
fome fat oils, by being diffolved in them, SSR 


tafte, and imell. 
§ 157 


Several fat oils become dry of themfelves in the 
air, and pafs into the concrete ftate, more efpecially _ 
if they have been boiled beforehand. Others al- 
ways remain greafy, and fome are folid in the com- 
mon temperature of our atmofphere.—Thefe laft are 
ftyled vegetable butters (butyra plantarum). 


To drying fat oils belong linfeed-oil, from the feed of the 
linum ufitatifimum and. perenne; poppy-oil, from the feed 
of the pagaver fomniferum; and hemp-oil, from the feed 
of the cannabis Jativa, 


To the oils always continuing fluid belong olive-cil (oleunt’ 
olivarum), from the fruit of the ola europea; oil of 
almonds, from the kernels of the amygdalus communis 3 
rape-cil, from the feeds of the brafica napus and cam- 
peftris; oil of ricinum, Or caftor-oil, from. the kernels of 


the ricinus communis. 


The kernels of gourds, beech-maft, walnuts, hazel-nuts;- 
the feeds of muffard, of the fun-flower; the kernels 
of plums, and of grapes, &c. afford alfo fat oils of 
economical ufe. 


Among vegetable butters are reckoned butter of cacao, 
from the kernels of the theobroma cacao; oil of laurels, 
from the kernels of the laueus nobilis; and oil oe nut 
megs, from the nuts of, that name. yi ai 


A f 


8 75% 
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§ 758. 


Fat oils do not boil unlefs i in a {trong heat, which 
is eftimated at 600° Farenh. They undergo thereby 
_a decompofition.» They are inflamed vgn at a heat 
RUBRIEAE: to volatilize them. 


$. 759. 


| Fat oils burn with a flame. If oxygen gas has 
no fufficient accefs to this flame, ıt throws out a 
foot (lamp-black ), which is the unconfumed coal 
of the oil. Hence, in Argand’s Jamp, the oil con- 
tinues to burn away without foot or fmoke as long 
as the air can ftrike, unimpeded, through the axis 
or cavity of the flame; and aqueous vapours and 
carbonic acid gas are generated.— According to 
Lavoifier’s ftatement, 321 parts of oxygen gas are 
extricated from 100 parts of olive-oil on com- 
buftion, and 140 parts of water, and 281 of car- 
bonic acid gas are produced. He infers from this, 
that this fat oil confifts very nearly of 79 a of 
carbon, and of 21 of hydrogen. 


‘§ 760. | 
Notwithftanding this, the fat oils contain alfo 
+ fome oxygen; for, if they be diftilled by themfelves, 
they yield, befides carbonated hydrogen gas and 
‚much empyreumatic oil, likewife carbonic acid gas, . 
and: a {mall portion of -empyreumatic acidulous 
phlegm, neither of which can be formed except by a 
fhare of oxygen. 
- OF the oil of bricks (oleum philofophorum ). 
Of Scheele’s fweet fubftance in fat oils, t 
3 3 § 761, 
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§ 761: 


By age, and carelefs keeping 1 in warmth, even the 
very mildeft fat, oils grow rancid, and are tainted 
with a fharp tafte and bad fmell. Thofe are peculiarly 
liable to this depravation which have been prefled 
with too great a heat, or have been in fome man: 
‚ner roafted. The ufual condition ‘of our oil-mills, - 
and of the apparatus made ufe of for the expreffion, 
is the caufe that many feeds and kernels, which 
otherwife would yield an oil of good flavour, afford 
fuch as at their very production is rancid, and of 4 
difagreeable fmell and tafte. 


Ä 2 ie | 
The principle of rancidity in oils lies in the accefs 

of oxygen from the atmofphere to their hydrogen 
and carbon (§ 759); whereby an acid begins to be 
formed, and the nature and mixture of the oil is 
altered. 

$ 763. | 

Fat oils and water have no chemical affinity with 
each other; and oil is never diflolved by water. But 
an oil may be intimately mingled with it; and then 
a milky-white, untranfparent fluid is formed, which- 
is called an emulfion. This vegetable milk, as it 
were, is prepared by triturating fuch feeds as con» 
tain a fat oil with water, and (eas the latter 
again out from the mafs.—Agreeably to the different © 

nature 
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nature of the feeds, the watet may alfo diffolve va- 
rious other extractive matters prefent in them. 


8 764. 

Refins and natural balfams are diffolved by fat 
oils with the affiftance of heat. On mucilage, fugar, 
gluten, albumen,. and flarch, thefe oils fhew no fol- 
vent power. 

$ 765: 

The fixed alkalis are a very active menftruum for 
fat oils, and make up with them a new. produét, 
called /oap (/apo ), and capable of folution in water 
and {pirit of wine. Soap is made by boiling a cauftic 
lixivium of fixed alkali with a fat oil, or tallow, or 
fuet, and ftirring continually, till both fubftances 
are completely incorporated.—Soda yields, with a 
‚congealing or drying oil (§ 757), a firm and hard 
foap. Pot-a/h affords a foap of much lefs folidity, 
and more greafy, unlefs muriat of foda be added 
- towards the end of the operation; but then the foap 
is, in fact, produced by the foda. 


Of the ufual foaps are: Common foap, made of tallow; 
Venetian dr Alicant, or Spanifh foap, made of olive-oil; 
black foap, made of train-oil; and green joap, made of 
hemp-, linfeed-, or rape-oil. 


§ 766. | 
All acids decompofe foap, and feparate again its 


oil. If, therefore, into a clear folution of foap in 
VOL. I. pd water, 
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water, or ardent {pirit, an acid be dropped, a tur- 
bidnefs takes place, and the oil is feparated. But 
this laft no longer exhibits its former properties: 
for inftance, it diffolves now, totally or in part, in 
fpirit of wine. Whence it follows, that the action 
of the alkali upon the oil has altered its mixture 


( § 759; feq-) 
§ 767. 


All ammoniacal neutral falts, and likewife the 
middle earthy‘and metallic falts, decompofe foap. 


$ 768. 

Various waters ER from /prings, or from 
wells, for this reafon diffolve foap only imperfeétly, 
or rather they decompofe ıt. Such are called hard 
waters; but, on the contrary, thofe are called oft 
waters which are free from all earthy middle falts, 
and diffolve foap completely. On this account /pirit 
of foap, or a folution of foap in fpirit of wine, is 
employed as a re-agent to difcover, whether a water 
be of the hard or of the foft kind. 


$ 769. | 

Though liquid ammoniac, by agitation and tri- 
‘turation, unites with fat oils to a foap, yet this com- 
bination is not fo perfect as that with fixed alkalis. 
This ammoniacal foap may, neverthelefs, by means 
of double affinity, be procured in greater perfection, 
if to a folution of a foap made with fixed alkali, 
muriat 


Chap. v1] Fat Oil. Ys EOS 


muriat of ammoniac be added, and the flocculent 
matter that falls down be feparated by filtering. 


877% 
The preceding foaps are comprized under the 
“name alkaline, and are thus diftinguifhed from 
earthy foaps; inafmuch as feveral earths are ca- 
pable of a chemical.combination with fat oils. Lime- 
water, for example, decompofes the folution of 
common foap, and forms a flocculent precipitate; 
which is a combination of fat oil with lime, and 
hence a calcareous or lime Soap. When dried, this 
earthy foap is friable; fufible in heat; not foluble 


in water, but diffolved by fpirit of wine if affifted _ 


by heat. Acids decompofe it.—This calcareous 
foap is alfo obtained by combining the folution 
of common foap with an acid folution of lime. 


| .,$ 791. 

In a fimilar way magnefian, argillaceous, and 
harytic-foap, are prepared according to Berthollet; 
- namely, by mixing the folution of common foap 
with the refpetive aqueous folutions of the fulphats 
of magnefia or of alumine, or of muriated barytes. 


EIN / ‚$ 792. 

Sulphuric acid, as before obferved 5 431), 18 
'decompofed, and converted into fulphureous acid, 
‘by fat oils; becaufe a portion of hydrogen and car- © 
_ bon, which are the ‘radicals of fuch oils ($ 759); 

| pd 2 deprive 
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deprive the acid of part of its oxygen, and take 
poffeffion of it. The fat oil is by this decompofi- 
tion likewife changed with regard to its conftituent 
mixture; it becomes a refin, obtains a firm con- 
fiftence, affumes a dark colour, and is rendered fo- 
luble in alkohol.—Such kind of refin has aus been 
denominated an acid foap. 


| $ 773- 

With equal facility is the nitric acid decompofed, 
and transformed into nitrous gas, by fat oils (§ STERN 
Here again, as in the foregoing cafe ($ 772), the 
hydrogen and carbon of the oil rob the acid of a 
part of its oxygen. The oil is alfo changed into 
a-true refin. By very concentrated nitric acid the 
fat oils, efpecially thofe of the drying kind (§ 757), 
may be brought even to fpontameous inflammation, 
_as will be mentioned hereafter, on treating of ethe- 

real oils. ‘ | 


en 8 774. | 
Muriatic acid aéts but little on fat oils; but by 
oxygenated muriatic acid they are thickened. 


‚8 775- 

Sulphur is perfeätly diffolved by fat oils with the 
affiftance of heat. This folution of fulphur in oils 
is: called balfam of Sulphur (balfamum Sulphuris). 
It is. thus prepared :—A fat oil is heated in a pan, 
~ and powdered: fulphur is then put into it by de- 

re! | 2. VRERRRES, 


Se nu ae én ~*~ 
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 grees, and with unintermitted ftirring. The mixture 
is very apt to inflame fpontaneoufly. The colour 
of this fulphureous balfam is brownifh or reddifh ; 
its odour is difagreeable; its tafte rancid and fharp. 
If the oil has been completely faturated with ful- 
phur while hot, the mixture is afterwards tenacious 
and firm when cold. | 


§ 776. 


Balfam of fulphur acted upon by heat developes 
fulphurated hydrogen gas (§ 449) mixed with car- 
bon. That balfam is obvioufly a combination of 
three fimple inflammable fubftances, of fulphur, hy- 
drogen, and carbon; which, in this union, attrat . 
oxygen more ftrongly than when fingly each by it- 
felf. For this reafon the oil grows rancid, even 


whilft the balfam of fulphur is preparing. 


Elafic Refin. 


ee 
The elafic refin, caoutchouc (refina elaftica), is 
a leather-like, contractile, and, 1n moderate warmth, 
very diftenfible matter, which is not diffolyed by 
water, nor by fpirit of wine. It iffues from a tree | 
of South America (the caoutchoua elaftica), ‘by 
incifions made on it; is, a vifcid, milky-white h- 
quor, which, by abforbing oxygen from the atmo- 
Pal gradually paffes into the ftate of folidity. 
pd 3 Moulds 


406  Confl. Parts of Vegetables. [Chap. VI. 


Moulds of clay, in the form of balls, are brufhed 
over by layers with this juice till the cover has ob- 
tained a certain thicknefs. In this ftate it is fuf+ 
fered to dry in folar heat, and fmoke; after which 
the moulds are broken, and their earthy matter 
fhaken out of the refinous bottle thus formed.— 


This matter feems to exift in various, even  indi- 
genous ‚plants. 


$ 778. 

The elaftic refin is foftened by heat; it melts at 
laft, fwelling up, and {preading an unpleafant odour, 
On congealing again by cold it remains fticky of 
adhefive, and never recovers its former elafticity. It 
may be fet on fire, and burns Sen flame. 5 


$ 779. 

When diftilled, this refin yields carbonic acid 
gas, hydrogen gas, an empyreumatic oil, and am- 
moniac, There remains but a trifling quantity of 
coaly matter, which affords no alkali by being burnt 
to afhes.— Hence the radicals of this fubftance are 
ee ae azot, and oxyg gen. 


§ 780. 

By fat oils the claftic refin is diffolved in heat ; 
and in this ftate wax alfo combines with it. Ac- 
cording to Berniard and Achard, the cauftic alkalis | 
have no folvent power on it in che humid way. 


§ „81. 


Chap. VI.] | Ethereal Oil. - 407 


; § 781. 

‘To give the elaftic refin any fhape defired, its 
folution in vitriolic ether has been found very con- 
venient; as, after the evaporation of that fluid, the 
refin is left with all its original elafticity.—For the © 
fame purpofe the rectified petroleum has alfo been 
employed by Fubroni, as equally effe&tual, and much 
cheaper.—Another full more convenient method, 


without diffolving the refin, has been recommended 
by Grofart*. 


* A bottle of this refin is cut in narrow flips, which are 
foftened in ether or in warm water; they are wrapt 
round the mould, prefing the edges together, and 
fecuring them with ribbons and pack-thread twiited 
round. When dry, the mould is taken out, which is 
facilitated by foftening in warm water. Annal. de 
Chym. Tome XL page 143, feq.—Edit. 


Ethereal Oil. 


t 
§ 782. | 
If froma vegetable body that poffeffes a ftrong 
{mell, not eafily paffing away by rubbing the plant 
between the finger, a fufficient quantity of water be 
difilled; the water is impregnated with that odour, 
and the vegetable matter lofes it. Such water is 
‘called difilled water (agua abftractitia, defillata). 


4 


pda § 785: 
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| $ 783. | 

Befides, if for this operation a fufficient ate | 
of the vegetable fubftance' is employed, together 
with the diftilled water, there will rife an oil effen- 


tially different from fat oils—The difference m: 


this oil from any fat one is evident from its vo- 
latility, fhewn by its coming over into the re- 
ceiver; from its leaving no trace or greafy {pot on 
paper upon which it is dropped, and afterwards 
warmed; from its penetrating fmell, agreeing in 
every refpect with that of the plant from which 
it has been abftrafted by diftillation; and laftly, 
from its being foluble i in fpirit of wine. —This kind 
of oil is called ethereal oil (oleum ethereum). 


Synonyma: Volatile oil (oleum volatile); feented oil (oleum 
odorum); diftilled oil ( oleum de eftillatum) ; ; efential al. 
(oleum Lentiale). 


§ 784. : 
Ethereal oils are obtained fometimes from all the 

parts, fometimes only from fome particular parts 
of the plant; as the roots, bark, leaves, flowers, 
petals, flower-buds, peels of fruits, feeds, the native 
balfams and gum-refins; and they are in thefe fva- 
rious parts fometimes of a different nature in one 
and the fame plant. The quantity of ethereal oil 
‘ obtained from different plants, or their -parts, is_ 
variable, and always {niall in acai to the vegetable 
| matter 


4 
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matter employed. This accounts for the high price 
of feveral of thefe oils, 


In Wiegleb’s Chemiftry, tranflated by Hopfon, or in the 
New Edinburgh Difpenfary, 1797, the reader will find 
tables ftating the quantity of ethereal oils, obtained by 

_ different chemifts from a determinate quantity of cer- 
tain plants.—Edit, 


$785. 

The fmell of ethereal oils is penetrating and’ 
ftrong. Yet it is not SE highly odorous plant 
that affords much oil; even from fome, as lilies, 
May-flower, and violets, no ethereal oil can be ob- 
tained, notwithftanding that they give a perfumed 
diftilled water. The tafte of ethereal oils is com- 
monly fharp and irritating. 


§ 786. 


Moft ethereal oils are. fpecifically lighter than 
water, and float upon it. But fome are heavier, 
and fink to the bottom; fuch as feveral procured 
from aromatic plants of hot regions: for inftance, 
the oil of cloves, of cinnamon, of faffafraß-root.— 
Again, fome ethereal oils are very thin and fluid, 
and do not affume the folid form at the freezing- - 
point of water; others thicken much fooner, of which 
the oil of fennel and anife-feed are an example; and 
others, as the oil of rofes, have, even at the common 
temperature, the confiftence of tallow. 


S987 
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§ 787- | 
The colour of ethereal oils is various. Some are 
colourless, as thofe of turpentine, fennel, anıfe, and 
sofemary; fome are yellowifh, as the oils of cara- 
way-feed, of cloves, of cinnamon, of lavender; fome 
are of a brownifh hue, as thofe of wormwood, ori- 
ganum, and thyme; fome few are greenifh, as caje- 
put oil, and that of milfoil; or blue, as that of 
camomule. | 


§ 788. 
Water actually diffolves a part of the ethereal oil . 
on being diftilled from the plant, and. receives 
thereby both tafte and fmell. Only that portion 
of oil which the water is not able to diffolve fepa- 
rates by itfelf. Therefore, if every other circum- 
ftance be alike, lefs oil is obtained in proportion as 
water is more copioufly employed in the diftillation. 
The folubility of ethereal oils in water feems, how- 
ever, to admit of various degrees; and feveral fra- 
grant plants yield no feparate oil, becaufe it is all 
diffolved by the en 


§ 789. 
The diftillation of ethereal oils, and diftilled waters, 
in great quantities, is performed in the common {till 


(§ 116). 


Frethly- -gathered tesidar plants, Fe and flowers, 
of a loofe texture, are ufed entire. Hard and folid 
bodies, 
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bodies, as wood, roots, bark or rinds, are prepared 
by a proper concifion. Previous foaking in water, 
or maceration is neceflary, only when by it fuch 
parts can be made to fink, as otherwife, by their 
levity, would fwim on the top, and are apt to fwell 
and rife into the hed of the fill. 


The quantity of additional water cannot be well 
fixed by a general rule; it muft, for every particu- 
lar cafe, be found out by experience. In the diftil- 
lation care is taken that the fluid do not pafs over- 
warm, or too‘ hot, left the oil evaporate. _ The 
water in the refrigeratory is kept lef cold’ only 
when thofe oils are diftilled, which eafily grow ftiff 
or coagulate in the cold. The operation is dif- 
continued when the water coming over is no longer 
milky, or when it no longer exhibits the tafte and 
fmell of the body fubjected to diftillation. 


The water diftilled, together with the oil, is 
‘poured into narrow-necked bottles, which are well 
ftopped, and where it is left ftanding to give the 
oil time for feparating; and this feparation of the 
oily particles adhering to the fides of the veffel is 
promoted by gentle agitation. Laftly, the oil is 
taken off by a fyringe ; or, by means of a cotton 
wick, it is drawn over into the bottle appointed 
‚for. preferving it. By dipping the fhorter end into 
the oil, and inferting the longer one into the bottle, — 

| this ° 


412 Confl. Parts of Vegetables. [Chap. VI. 


this wick acts as a fyphon. Oils that fink in water 
are parted by a feparatory funnel (§ 135). 


Some ethereal oils, as the olewm bergamotte, and oleum de 
cedro, are obtained by expreflion; the firft from the 
frefh peels of oranges, the fecond from /emons.—In 
Italy, and fuch countries where thefe fruits abound, 
and where thofe oils are procured in this way, they 
are in general better. 


Another method of parting the oil from the water is 
' by the feparatory glafs (recipient Italien) (§ 135).— 
Editor. | 


$ ‚790. 

"Waters recently diftilled are ufually infected Maid a 
burnt and herbaceous fmell and flavour, but become 
more pleafant by time only, if kept in a cool place. 
"To procure them in the moft perfect ftate, the vege- 
table matters fhould not be brought into immediate 
contact with water, but they fhould be inclofed in 
a linen bag hung up in the ftill, in fuch a manner 
that they are penetrated merely by the vapours of 
the boiling water.—By this method the diftilled: 
waters are not in the leaft expofed to become em- 
" pyreumatic. | 


$ 791. 

The component parts of the ethereal, like thofe 
of fat oils ($ 759), are carbon, hydrogen, and pro- 
bably fomewhat of oxygen. But, of courfe, thefe 
radicals do not bear in the eh) oils the fame 
proportion to each other, by which they are united 
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in fat oils—On combuftion in oxygen gas they 
give more water than the laft; and they are alfo 
eafier inflamed. ‘The coal, which is left behind in 
only a very {mall quantity, is the foot of their 
flame, and is a very pure coal, without any trace u 
fixed alkali. : 


§ 792. 

‘The nitric, the fulphuric, and oxygenated mu- 
riatic acids, are with great rapidity deprived of part - 
of their oxygen by the ethereal oils; and thefe oils 
themfelves are thereby converted into refins. 


$ 793: 

If to half an ounce of oil of turpentine con- 
tained in. a crucible, two drachms of ftrong fulphuric 
acid be mixed, the mixture quickly ftirred with a 
 gilafs-rod, and then fome concentrated nitric acid be 
immediately affufed, a fpontaneous, very lively, and 
fudden inflammation takes place; and that part of © 
the oil which has grown refinous, burns with a 
blazing flame.—The experiment fucceeds alfo with 

empyreumatic and drying fat oils ($ 773). 


Confult § 174, note g. 


8 794: : 

Ethereal oils likewife take up oxygen. from 
‘the atmofphere; and for this reafon they will: be 
-depraved, if not preferved in well-clofed veifels.— 
- ‚They. lofe, in time, 6 that abforption, their pequ- 
1 | liar 
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liar odour more and more; they become tenacious 
and thick; and are finally transformed into a true, 
firm refin; and it is at laft impoffible to diftinguith 
ethereal oils from one ne Spee. after they have been 
fpoiled by age. 


a? 


§ 795: 


From this it has been erroneoufly- eoncluded, 
that the ethereal oils confift of two proximate con- 
ftituent parts; of a peculiar, volatile, fubtile matter, 
which has been called /piritus rector, principle of 
odour; aroma; and of another groffer, refinous part, 
ferving as a receptacle to the former.—It was alfo 
inferred, that upon the firft of thefe two the odour 
of plants and ethereal oils depends; that the odor- 
ous principle is by itfelf foluble in water; that the 
depravation of any ethereal oil confifts in the lofs 
of that principle; and that many fragrant plants 
cannot yield an ethereal oil in the feparate ftate, 
‘but only an odorous water, becaufe they do not 
‚ contain this refinous part, which is the abode, as 
it were, of the fpiritus as 


Boe Whatever may be imputed to this odorous 
principle is rather the exclufive property of the 
ethereal oil itfelf, confidered as fuch ; and the refin, 
into which fuch oils are changed on their fpoiling, 
is a produdt (§ 794), and did in:no manner exift 
in them before.—The generation of this refin refts 
op a principle fimilar to that of the rancefcence of 
| 3 rat 
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fat oils; namely, the alteration in their mixture by 
the acceffion of oxygen; which js alfo placed be- 
yond doubt, by the paffing of ethereal oils into the 
_ #efinous ftate, caufed by nitric acid ($ 792). 


$ 796. 

The ethereal oils diffolve fat oils, refins, natural 
balfams, and elaftic refin.—All the refins, however, 
are not with equal eafe diffolved by thefe oils. Copal, 
for inftance, is beft diffolved by oi of rofemary. 


Lac-varuifbes with ethereal oils, 


Falfification of ethereal by fat oils. 


$ 797: 

‘With fixed alkalis the ethereal oils combine inte 
a foap, but with much greater difficulty than fat 
oils. To thefe ethereal oily foaps (favonules, by 
the French) belongs Starkey’s foap, made of pot- 
afh and oil of turpentine.—The beft way of pre- 
paring it is by digefting in a matrafs ($ 78) one 
part of cauftic vegetable alkali, with four parts of 
oil of turpentine; and then diftilling the oil from 
it with a low heat, and cohobating it ($ 115) as 
often as may be neceffary, till the falt has com- 
pletely acquired the faponaceous nature. 


§ 798. 
Liquid ammoniac diffolves, in diftillation, the 
ethereal oils, though but fparingly. 


§ 799. 
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"$ 799. 
Sulphur may be diffolved by ethereal oils with 
the affiftance of heat. The product of this com- 
bination is a kind of fulphureous balfam (§ 775)» 
of a ftrong offenfive fmell and tafte.—Great pre- 
caution is neceffary during the digeftion, on ac- 
count of the inflammable vapour thence arifing. 
From its folution, faturated in heat, a part of 
fulphur feparates after cooling in tranfparent cryf- 
tals (/ulphureous ruby). ; 


3 Of Camphor. 


§ 800. 


Camphor ( camphora ) is a concrete, folid, white, 
tranfparent fubftance, poffeffing a ftrong, penetrat- 
ing fmell and tafte, and fo volatile as to exhale | 
‘entirely even in moderate or fummer heat. It 
“may eafily be ignited, and burns with a flame; 
but depofits, on combuftion, a vaft quantity of 
foot, yet without leaving any refidue. It melts in 
heat, but hardens again by cooling. Water has 
“no folvent power on camphor, though it receives | 
from it its ftrong fmell. Spirit of wine, on the 
contrary, diffolves it. The fpecific gravity of cam- 
phor iso,996. 


§ 801. 
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| $ 8o1. ’ 

Camphor, as ufually fold, is brought to us from 
Japan, obtained from a tree (laurus camphora) 
_ growing there; from the roots, leaves, bark, wood, 
and branches of which it is extracted by diftillation, 
on boiling thefe parts with water in a kind of 
- full. Camphor thus obtained (raw camphor) is 
impure; and is farther refined in Europe, particu- 
larly in Holland, by fublimation, in which it re- 
ceives the fhape of convex cakes.—This purification 
might alfo be done by folution in fpirit of wine, its 
ar precipitation by water, and by Boni ın 
glafs veffels. 

§ 802. 

Many other plants contain true camphor; and it 
abounds more than was formerly believed in the 
vegetable kingdom. Such is the camphor of Su- 
matra (baros) from the laurus Sumatrenfis; the 
camphor of the roots of galangal (marantha ga- 
langa), zedoary (amomum xedoaria), ginger (amo- 
mum zingiber); of the feeds of cardamom (amo- 
mum cardamomum), and cubebs (piper cubeba, or ; 
caudatum).—Befides, many European vegetables con- 
tain real camphor in their ethereal or volatile oils, as 
- thyme (thymus vulgaris); the roots of fweet flag 
- facorus calamus), of meadow-anemone (anemone 

 pulfatilla, or praienfis), of fage (falvia officinalis), 
of hyfop (hyfopus officin), of mother of thyme 
(thymus ferpyllum), of peppermint (mentha pi- 

vor. ke peritia ), 
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peritia), of rofmary (rofmarinus officin), and 
others. —Prou/t has extracted it plentifully, by in- 
fenfibl ble exhalation, from the oils of lavender, N 
mary, origanum or pot- Sls a and Sage, 
Murcia in Spain, 


§ 803. 

‚In all probability camphor confifts merely of car- 
bon and hydrogen. But experiments are yet want- 
ing, with refpect to its combuftion in vital air, to 
afcertain with accuracy the quantities of thefe radi- 
cals, as contained in this inflammable fubftance. 


§ 804. | 

Camphor is copioufly diffolved in the cold By 
concentrated fulphuric acid, without effecting a per- 
eeivable decompofition of that acid; only, when 
heated, fulphurcous gas is raifed, together with the 
vapours of camphor. Water feparates again the 
camphor unaltered from the folution.—If the oxyd 
of manganeie be added to the mixture, the camphor 


is converted into the acetic acid, and the fulphurie 


acid is changed to the fulphureous, as was ebferved 
by Doerffurt. 


> 


$ 805. 

Concentrated nitric acid diffolves the camphor 
' plentifully and with eafe, and quietly without pro- 
duction of heat, and without being decompofed.- 
By repofe a fluid feparates on the upper part of the 


clear and limpid folution, which has the colour and 


confiftence 
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confiftence of oil of. almonds, and is called oz} of 
camphor ( oleum camphore acidum). This fluid is 
foluble in alkohol; but by adding water it grows 
turbid, and the camphor is precipitated. 


§ 806. 
Kofegarten has fucceeded in decompofing cam- 
phor, by repeatedly diftilling perfect nitric acid from 
this fubftance.—He has by this proceeding extracted | 


from it an acidulous falt, which after him was re- 


_ ceived into the fyftem as a peculiar acid of the 
vegetable kingdom, ftyled camphoric-acid.— How- 
ever, Doerffurd has proved that this pretended 
camphoric acid is perfectly the fame with the ben- 
zoic.—Nor is this acid an edudt obtained or fepa- 
rated from the camphor by the procefs, but a 
product at that time generated. | 
§ 807. 

Camphor-is diffolvable by fixed or fat oils, as 
well as by the volatile orethereal. It alfo combines - 
with refins and balfams, making them adhefive and 
glutinous, 

§ 808. 

Alkalis do not unite with camphor; they have no 
affinity with it; and at prefent no genuine campho- 
raceous foap, procured by dire&t immediate com- 
bination, is known. 


men “ § 809. 
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8 809. 

By fufion in gentle heat camphor unites with ful- 
phur, and produces with it a fubftance brittle and. 
friable in the cold, but tough and tenacious in 
warmth. Camphor is likewife diffolved in the 
humid way, by alkaline fulphuret ($ 442), if af- 
fifted by heat. 


Acrid Vegetable Matter. 


N 810.- 


Several vegetables, or their parts, which are 
otherwife inodorous, or emit but a weak fmell, 
excite a local inflammation, if applied for a while, 
in their frefh ftate, to the fkin; but lofe this faculty 
by drying. When recently gathered, and inwardly 
taken, they produce poifonous effects. Of this 
kind are the frefh roots of fguills (feilla mari- 
tima) ; the leaves of for-glove (digitalis purpurea) ; 
of wild anemone (anemone nemorofa); of virgin’s 
bower (clematis erecta); of wolfsbane, or monk’ s 
hood (aconitum cammarum); the roots of blue 
orris (iris germanica); of a/phodel, or king’s /pear 
(a/phodelus ramofus); of meadow faffron (colchicum 
autumnale); of white bryony, or wild vine (bryonia 
alba) ; of wake robin (arum maculatum); and the 
fruits of wild cucumber (momordica elaterium). 


§ 811. 
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| -§ 8ı1. 

Since thefe plants, by having been, during a fuf- 
ficient time, well dried, lofe their fharpnefs or 
acrimony, and the effects on the living body thereon _ 
depending, it appears that the fubftance, which gives 
rife to the violent irritation caufed by them, is of a 
volatile nature; as is confirmed by its being com-: - 
municated to water and fpirit of wine, abftracted 
from them by diftillation. As, therefore, thofe 
plants contain no eflential oil, no ¢amphor, and in 
general none of the volatile principles that have 
hitherto been the object of our enquiries, we can- 
not with propriety hefitate, to acknowledge this 
volatile matter to be a particular proximate con- 
ftituent part belonging to the vegetable kingdom, 
and to diftinguifh it from other principles of that 
kind by the name, acrid matter of plants (materia 
acris plantarum).—Its action is not . deftroyed by 
acids nor by alkalis, and is not ammoniac, in any 
form, | | 


§ 812. 


In plants which are called anéi/corbutic, for in- 
ftance, in fcurvy-grafs, water-crefles, garlic, onions, 
horfe-radifh, common radifh, and the feeds of 
muftard, this acrid principle is combined with 
“ oleaginous particles of the ethereal kind, and its 

effects, it feems, are weakened by this union. 


E€ 3 § 313 
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§ 813. 

From plants furnifhed with this matter, we muft 
difcriminate thofe which, outwardly applied on the 
living body, caufe, in fact, a local inflammation, 
but are not deprived, by exficcation, of this power, 
which rather originates from their refinous parts.— 
Such are, euphorbium, or wart-wort (euphorbia 


heliofcopia); various parts of feveral fpecies of the - 


daphne, of the guinea-pepper (capficum annuum), 
of the pellitory af Spain (anthemis pyrethrum), &c. 


Narcotic. Matter of Plants. 


§ 814. 

' The narcotic, foporific, or flupefying matter of 
plants, is, by its action on the living body, eflen- 
tially different from their acrid principle; and the 
venomaus properties of feveral plants which depend 
on it, manifeft themfelves ın quite a different way, 
Examples of fuch plants are, opium (papaver 
fomniferum) ; the leaves of the cherry-laurel (prunus 
lauro-cerafus); of the deadly night-/hade (atropa 
belladonna); of the thorn-apple (datura framonium); 
of the common black henbane (hyofcyamus niger) ; 
of the wild rofemary, or mars en edum 
palufire), &c,. 


§ 815. 


nn 
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§ 815. | 

The narcotic principle of plants is volatile, and 
is diffipated by the deco@tion of vegetables that 
poflefs it. In fome of them it is united with an 
ethereal oil.—In other refpects we are as yet very 
little acquainted with its nature, and the mixture 
of its radicals. | 


Fibrous Part of Vegetables. 


§ 816. 


After all the immediate component parts of plants, 
related under the preceding heads, are fepärated,, 
there ftill remains a refiduum, which reprefents in a 
certain way the fkeleton of the plant, and is diftin- 
guifhed from the others by the name of fbrous or 
ligneous part (materia fibrofa plantarum). This 
matter has hitherto been too much neglected, but _ 
deferves to be ftudied more attentively, as one of 
the proximate conflituent parts of the vegetable 
kingdom, | | 


The fibrous vegetable matter ıs infoluble in water, 
in fpirit of wine, in oils and alkalis; but it 1s de-' 
ftruétible by concentrated fulphuric, nitric, and 
oxygenated muriatic acids. It is moreover com- 
buftible, and may be decompofed by heat; giving 
then hydrogen gas, and carbonic acid gas, befides 


an acid fpirit, and an empyreumatic oil. It alfo © 
Ee 4 contains 


- 
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~ contains a large quantity of carbon. : The denfity, 
or quantity of matter, contained in a certain volume 
of this fibrous part, is variable in different plants 
and their patts. It is moft abundant in all the 
fevéral fpecies of wood; lefs in herbs.—Flax and 
hemp, after all other principles capable of extrac- 
tion have been removed, are fit fubjedts for under- 
taking an experimental enquiry into its nature, 


Ertracts from Plants. 


$ 817, 
If certain parts are feparated from the plants by 
a proper menftruum, and brought within a fmaller 
compafs by evaporating the folvent, the remaining 
fubftance is then called an extract (extractum). 
($ 77.) 
| § 818, 


The extraéts of the fame plant differ from each 
other according to the various nature of the extra&- 
ing medium. For this purpofe either water er 
alkohol, or both, are made ufe of. Water diffolves 
acid-faline, fweet, bitter, mucilaginous, aftringent, 
-ethereal-oily, acrid, and narcotic parts. ‚Spirit of 
wine diffolves refinous, {weet, aftringent, ethereal- 
oily, camphoraceous, acrid, and narcotic parts. 
‘There are, however, feveral principles, which by 
themfelyes are infoluble in water, and fpirit of 

wine, 
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wine, yet may be diffolved in either menftruum, | 
when combined with otlier matters. 


§ 819. 

In confequence of thefe phenomena, aha are 
divided into aqueous or gummy (extracta aquofa, 
gummofa) ; fpirituous or refinous (extracta fpiri- 
tuofa, refinofa) s and, laftly, mired, or of both 
kinds together (extracta mixta).—In this place we 
can only treat of the firft fpecies. 


§ 820. 


oe the ethereal oils, the ns acrid, 

and narcotic principles fly off, and are loft by de- 
coction with water, and fubfequent evaporation of 
the folution; which procefs, in the prefent point of 
view, is called extraction, it is obvious that vegeta- 
ble matters, whofe efficacy is owing to thote mat- 
ters, are unfit for making extracts from them. 
Under fuch circumftances it 1s better to employ the 
infufion itfelf (§ 78.), without evaporating it. 


§ 521, 

The way of proceeding, in the preparation of. 
common extracts, is to reduce the vegetable body 
to {mall pieces; to boil it with water; to repeat 
this boiling feveral times with frefh water; to ftrain 
the decoction; to let it grow clear by ftanding ; 
and laftly to evaporate it with a moderate heat, until 

it 


= 


/ 
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it is of due confiftence. Towards the end of the 
evaporation particular care is to be taken, that the 
extract be not tainted with empyreuma. 


Of the extra&s of La Garayes 


§ 822. 
Another method of making extracts is, by infpil- 


fating the juices exprefled from plants recently col- 


le&ed: in other. words, by reducing them, by a 
gentle heat, to the thicknefs requited. From what 
we haye faid of the proximate conftituent parts of 
plants before treated of, there can be no doubt but 
that extracts, prepared in this manner, may often 
confift of ‘parts quite different from thofe that are 
contained in extradts made by the decoétion of dry 
plants (§.821).—The ınfpifläted juices of fruits, 
and of fome {weet roots, are denoted by the term 


“ 


rob, 
Vegetable Pigments. 
General Principles of the Art of Dyeing, 


§ 823. , 

A great number of plants, or their parts, com- 
municate their colour to water, employed for their 
extraction by infufion or deco&tion, and alfo to any 
other fuitable extraCting medium, The extractive 
principle which imparts the colour, is named colouring 
ya matters 


- 
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matter, or pigment, to diftinguith it from that per- 
ception which we call colour. 


§ 824. 

The art of dyeing *, or the art of imbuing ftuffs 
with various pigments afforded by the vegetable, 
mineral, and animal kingdoms, is a particular branch 
of the technical or applied chemiftry, and ı 15 ‚wholly 
dependent on chemical principles. 


* This branch, fo kalt in manufactures, has been, 
after Hellor, Macguer, and Poerzer, treated of in a 
mafterly manner, according to the principles of mo- 
dern chemiftry, by Berthollet, in Elements de P Art de 
la Teinture, Paris, 1791, 2 vols.; and lately in Eng- 
land by Dr. Bancroft.—Ed. | 


8.825, 
The pigments of the vegetable kingdom are not ' 
particular component parts of a peculiar kind, re- 
quiring to be diftinguifhed from thofe which we 
have already examined; but they belong to one or 
the other, or they are a mixture of feveral. They 
are diftinguifhed from the others by nothing elfe 
but by having colour; this, however, does not 
juftify the confidering them as diftinét radicals: 


§ 826. | 

The manner and caufe by which pigments excite 
the Pesaption of colour is an object, the. invefti- 
gation 


\ 


428 Cont. Part of Veeetables. [Chap. VI. 


gation of which properly belongs to phyfics, or 
natural philofophy. I only obferve in this place, 
that by adopting a chemical compofition of light 
($ 189. 190.), and its decampofition by the pig- 
ment, it may be fatisfa&torily explained why the 
latter exhibits a colour.—But from the change of 
colour produced in any body by its abforbing | 
oxygen, or by the efcaping of this from it, we are 
not entitled to confider oxygen as the general co- 
louring or difcolouring principle. 


§ 827. | 

Such pigments as, either diffolved by water alone, 
or by its combination with other menftrua, are con- 
tained in the colour-baths or deco€tions, infinuate 
_ themfelves into. the furface, or even into the fub- — 
{tance of the ftuffs, tinged by them, and are 
confequently thus feparated from the water. It 
muft therefore be granted that there fubfifts an 
attractive power among fuch ftuffs and the pigment, 
greater than that, which the folyent medium has for 
the pigment. > 

§ 828. | 

But the nature of the ftuffs to be dyed caufes a 
ereat difference in. their attraction for pigments.— 
Thus it is known by experience, that wool takes 
the colour, or may be dyed with moft eafe, filk 
with more: difficulty, ftill more fo linen’ cloth, ‘and 
‘cotton. ' Hence various preparations and treatments 


of 
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of the ftuffs become neceflary, to make them fit for 
receiving the tinge. A colour, for inftance, which 
is lafting on wool, is not, on this account, likewife 
permanent on cotton; and therefore the very fame 
pigment demands various procefles, according to 
the various kinds of ftuffs. | 


§ 829. 

Thofe pigments, whofe colour ıs fo durable as 
not to fade by wafhing, or in the air, or the fun’s 
rays, or after a great length of time is but little 
faded, are faid to be frue, folid, fixed, or per- 
manent dyes. By the term fal/e, fpurious dyes, 
pigments .are denoted which give but little refaft- 
ance, if at all, to the actions of air, fun, and water, _ 
and fade by their influence, or difappear entirely. 


§ 830. 

Moft of the ufual pigments may, indeed, be ex- 
tracted or diflolved by fimple water, yet fome are 
quite incapable of fuch folution, and require the 
affiftance of other folvents to afford a colour-bath. 
For this reafon pigments have been divided into 
mucilaginous, refinous, glutinous, &c. But this 
claffification is ufelefs; becaufe, in the prefent ftate 
of knowledge, the nature of few pigments only is 
well afcertained, and feveral of them are mized er- 
iractice matters. : 


§ 831. 
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§ 831. 

Yet the divifion into JSubftantive and ie 
pigments, lately propofed by Dr. Bancroft, [cems 
to be of practical utility. The firft are fuch as are 
taken up from the bath, by.the ftuffs not previoufly 

‘prepared or macerated. The fecond are thofe which 
do not adhere of their own accord, or are not ab- 
forbed by the ftuffs out of the baths, unlefs they 
be firft foaked in another fubftance called a corrofive, 
mordant, ot macerating medium, which ferves as a 
bond of union between the pigment and the ftuff. 
The number of the laft kind of pigments is far the 
greateft. 


§ 632. 

The adjective pigments ($ 831.) may moft fre- 
quently be extracted by mere water, which they 
readily impregnate with their colour, and afford 
clear folutions. They appear by this to be moftl¥ of 
a mucilaginous nature. 


§ be 

“The fubftances ufed to’ macerate the ftuffs, for 
making them capable of, imbibing adjective pig- 
ments, are almoft all of an acid-faline matter. Of 
this clafs are, fulphat of alumine (§ 416.); acidu- 
lous, tartrite of pot- -a(h (§ 660.); the folution of 
tin in nitro-muriatic ($ 581.), and oxygenated 
muriatic acid (§ 567.); the Ohh aftringent — 
principle 


“ 
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principle ($ 719.); acetite of alumine; fulphat of 
copper, or blue vitriol; fulphat of zinc, or white 
vitriol; acetite of copper, or verdigris; and arfenic. 


§ 832: 

The way in which thefe mordants exert their 
eficacy, confifts partly in their furrendering a por- 
tion of their oxygen, whereby the fubftance of the 
ftuffs is altered, and hence their attractive power for 
the pigment increafed; partly in their changing, in 
like manner, the nature of the pigment itfelf, and 
making it coagulate.—On this account, the colours 
of the pigments fuffer various alterations by thefe 
intermedia, and receive’ various Shades, or degrees 
of brightnefs, or darker hue. —Which of the mor- 
dants may be beft for any particular pigment, or 
defired fhade of colour, and for a particular kind of. 
ftuff, can be pointed out by experience only. 


$ 835. 

Blue, red, and yellow, are confidered as ihe fun- 
damental or principal colours.—By combining thefe 
with each other in various proportions (chiefly on 
the Aufs themfelves, rarely in the bath), as alfo by 
ufing mordants, and of thefe, either acid or alkaline 
fubftances, the ftuffs are tinged, not-only with all 
the intermediate, but alfo with various fhades of the 
chief colours; and a wonderful variety of tints is 


prod ne 
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Lift of the arin dyes, or colouring fubftances, 


omg 


afforded by the vegetable kingdom é 


I. Subflantive Pigments. 


. Blue dyes:—Indigo and awoad, of which hereafter in 


particular: the juice prefled from the fruits of the 
genifta americana, which by itfelf is colourlefs, but 
tinges the ftuff that it is brought upon, after fome 
time, with a fixed and lafting blue colour, the dafard 
vicinus (croton tindorium), a tranfient (/purious) blue. 


. Red dyes Safflower, or baftard fafiron (carthamus tinc- 


zerius ), after it has been freed from its yellow pig- 
ment by fcalding with water. The red pigment which 


- remains requires the addition of alkali to be foluble 


eS) 


in water; but the alkali muft again be precipitated 
from the folution by an acid. Its colour is fading.— 
The leaves of the /aw/onia inermis (not yet employed) ; 
the archil or orchal (lichen rocella) ; the.dyers or crawfilb- 
eye-lichen. (lichen parellus). 


. Yellow dyes :—Arnatto (bixa orellana), which will be 


treated .of hereafter. The roots and bark of the 


berberry-forub (berberis vulgaris): very fading. 


Befides, logwood er campeachy wood (haematoxylon campechia- 


num); brafil-wood ( caefalpinia fappan), giving a brown 
red; nut-galls (cympidis nidus); the green hujks of wall- 
nuts (juglans regia); fumac (rhus coriaria); alder-tree 
(betula alnus); tormentil-root (termentilla ere@a): giving 
brown and fallow colours. | 


II. Adjec-. 
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II. Adjective Pigments. 


t. Blue colöurs:—Logwood and brafil-wood (Laematox. cam- 
pech. &S ctefalp. fapp.) with pot-ath ; elder-berries (fambu- 
cus ebula); whortle-berries (vaccinium myrtillus); privet 
(liguftrum vulgare); the roots of te s bugloft ( anchufa 
tinGoria): all with pot-afh. 


2. Red colours: -—Madder (rubia tin&orum); fernambeouc 
(lignum fernambuci), the fineft and deareft fpecies of 
brafil-wood; red Saunder’s-wood (pterocarpus fantalinus); 
the grey-blue fpotted lichen (lichen faxarilis); the roots of 

 dyer’s buglofs (anchufa tinGoria). ' 


3 Ye allow colours:—The bark of quercitron (quereus 
nigra D3 fuftic avood (morus tin&loria) , dyer’s weed (refalda. 
luteola); common faw-wort (ferratula tinéoria); turmeric 
root (curcuma longa); French berries, or graines d Avignon, 
(rhamnus infeciwius); dyer’s green weed, woad-waxen, OT. 
dyer’s-broom (genifta tinéoria) ; fenugreck feed (trigonella 
fenum grecum); camomile with ferrated winged leaves 

'(anthemis tin&toria) ; peels of onions (allium cepa); fafflower 
(cartbamus ‚tin&orius); narrow leaved Canada golden 

. rod (felidago Canadenfi 5); French marigold (tagetes patu- . 
la), with an open fubdivided ftalk; the feeds of meadow- 

~ trefoil (trifolium pratenfe) 5 and the feeds of rail trefoil, 

* or lucerne feed (medicago fativa). 


vysrttrn 
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Of Indigo. 


§ 836. 

Indigo (pigmentum indicum) is a blue pigment, 
which is obtained as a fecula from anit, or indigo 
plant, in the Eaft and Weft-Indies—Fhree fpecies 
of this plant are cultivated in America; indigofer« 
tinctoria, ind. difperma, and ind.’argentea. ‘The 
two laft yield lefs, but better indigo; the firft 1s 
cultivated in the greateft quantity.—Before it blof- 
foms, the ftalks along with the leaves are cut off . 
feveral inches above the ground; and as foon as they _ 
have been cleanfed from adhering fand and earth by 
ninfing, they are put in the /ewking vat, kept down 
with wooden crofs-pieces, covered with water, and 
left ftanding in the fhade. 


After a fhort time, a kind of fermentation takes 
- place, attended with fenfible heat; air-bubbles arife, 


 and.on the furface of the water a pellicle appears, 


of a tolour inclining to that of coppers Particular 
attention is to be paid, that the fermentation be not 
carried on too far, and pafs into putrefcence ; elfe 
all the indigo would be loft. Yet at the fame time 
‚it fhould not be interrupted too early, as. DER, 
too little indigo 1 is obtained. 


For 
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For this reafon a handful of the plant is every five 
minutes taken out of this firft vat; and if it be 
found that the points are foft and pale, or that the 
larger leaves become faint, the greenifh liquor is 
immediately drawn off from the herb into the 
‚firring vat, where it is inceffantly ftirred with 
wooden crutches and fhovels to put it into ftrong 
motion. During this operation the liquor lets fell 
a blue flocculent fediment, and its green tinge is 
ehanged to yellow, The feparation of this fecula, 
which is the indigo, is promoted by adding more 
- frefh, cold, clear, and limpid water, to the fluid 
contained in this fecond vat; and a greater quantity 
of indigo is alfo produced by this management. 


If then a portion of the liquid be taken out for 
trial, and no fediment formed, after lime-water has 
been added to and fhaked with it, it is a fign that 
all the indigo is feparated.—The indigo is then fuf- _ 
fered completely to fubfide in the ftirring-vat, and 
the clear incumbent fluid is drained off as clofely 
to the fecula as poffible, by cocks placed in holes 
bored at different heights. After this the fediment 
is laded into conical linen bags, and wafhed with 
cold water, which is fuffered to drip off, by hanging 
them in the fhade, in wooden cafes; and thus the 
- indigo is completely dried. 


Ff 2 § 837: 
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§ 837. 

The various forts of indigo met with in trade are 
not all of equal goodnefs.—It may be divided into 
three aflortments; the blue, the violet, and the 
copper-coloured. It is better, the purer and lighter 
it is. The bett, coming from Guatamala, is blue, 
not covered on the outer furface, or when broken, 
with a white eruft; and fo light, that it fwims on 
water. 


§ 838. 


Befides the anil, other different fpecies of sponte 
alfo yield, by a fimilar treatment, a blue fecula or 
- fediment, entirely refembling indigo.—One of thefe 

is woad (i/atis tinctoria), which in Germany, long 
before the indigo was known, was ufed for. dying 
blue, and is even at prefent employed, with the 
addition of indigo.—For this purpofe frefh leaves of 
woad are collected in a dry feafon, wafhed, fuffered 
to wither in the air, bruifed, formed in roundifh 
lumps, dried, and thus fold by the name of woad. 
By this procefs the leaves undergo a kind of fer- 
mentation, whereby the indigo which they contain 
is feparated, remaining fimply mingled with their 
pulp. The want of uniformity in the fermen- 
tation, throughout the whole mafs, and the uncer- . 
tainty with refpect to its proper limits, are the rea- 
fon that the effects of this dyeing material are nei- 

ther 
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ther of a determined hue, nor can be relied.on ioe 
durability. | 


$ 839. 
A true indigo may likewife be ‚prepared from 
woad, by the fame method as prefcribed for the 
indigo plant ($ 836). 


| § 840. 

A new plant, from which, according to Ror- 
burgh’s difcovery, an indigo may be extracted, is 
an Eaft-Indian tree, which he calls nerium tincto- 
rium (rofe-bay), and whofe leaves contain this pig- 
ment. But the manner of preparing it varies from 
the ufual procedure.—The indigo is extracted from 
it by hot water, and without fermentation.—A cop- 
per boiler is filled with the leaves, without preffing 
them down, and water affufed upon them, to fill 
the veffel to within a few inches below its brim. The 
matter is next quickly heated to about 150 or 160° 
Farenh. at which temperature it is kept, with un- 
abated ftirring. When the fluid in the boiler ex- 
hibits a dark green colour, it is ftrained through a 
fieve into the ftirring-vat; and while yet warm, | 
agitated for fome minutes, with the addition of 75 of 
clear lime-water. The indigo then feparates, and 
is farther treated like common indigo. 


§ sate 
Of all the proximate conftituent parts peculiar to 
vegetable fubftances, that we have at prefent ex- 
Bike Pee amined, 
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amined, indigo appears, with refpe&t to its mixture, 
to come neareft to gluten ($ 744); or to the albu- 
minous matter ($ 751); though in fome points it 
plainly fhews its difference from both, 


§ 842. 

Pure indigo, if diftilled by itfelf, emits carbonic 
acid and hydrogen- gas, and yields ammoniac and 
empyreumatic oil. The refiduum of the diftillation 
'isa coal, of difficult icineration, which affords but 
a fmall quantity of afhes, and contains fome iron.— 
According to ‘Berthollet, indigo confifts of much 
carbon and hydrogen, fome azot, fome oxygen, and 
a little iron, which he eftimates at 7% of the weight 
of the indigo. 


8843. 

Neither water nor fpirit of wine diffolve indigo; 
both take up from it merely an extraftive matter, 
foreign to it, and thus leave it the purer. Nor Js 
indigo diffolved by fat or by ethereal oils, by the 
muriatic and by vegetable acids. 


« Concentrated fulphuric acid diffolves indigo. It 
attacks this pigment with heat and ebullition, and 
-fulpbureous gas 1s extricated. The mixture has a 
blackifh appearance, but becomes a beautiful blue 
by dilution with water. This diluted folution is in 
time deprived of all its colour, and in general it may 


be 
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be remarked, that the addition of oxygen renders the 
xolour of it-lefs durable, and makes it at laft en- 
tirely difappear.’ 


§ 845. 

Both the nitric and the oxygenated muriatic 
acids deftroy the colour of indigo. According to 
Woulf’s experiment it is inflamed by the firft, if 
concentrated; but if weakened, the folution is blue, 
lofes foon its colour, turns brownifh, and depofites 
a flocculent brownifh matter. 


§ 846. 
The dyers ufe various: methods of precipitating 
the indigo on the ftuffs. 


The moft important of thefe is the woad-vat, as 
it ıs called. Woad {$ 839) is made difpofed to 
fermentation in water, at a convenient temperature, 
and by adding wheaten bran and madder. Indigo 
and burnt lime are next added.—In this way the 
indigo is, by the fermenting vegetable matters, 
deprived of part of its oxygen, and diffolyed by 
the affiftance of lime. The liquid is green, but is 
covered on the furface by a pellicle of a blue or cu- 
preous colour. The caufe of this laft is, that the 
diffolved indigo, by attracting again oxygen, is ren- 
dered blue, and lofes its folubility in the fluid.— 
The ftuffs fteeped in the vat come out greenifh, but 
are changed to blue in the air. This vat is em- 


Ff 4 ployed 
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- ployed for woollen fuffs ; and it may be kept work- 
ing for a confiderable time, if after each dyeing fome 
frefh quicklime and indigo be added.—Yet, if 
the fermentation be not moft carefully regulated, it 
may eafıly be overdone, and begin. to putrefy, i in 
which cafe all the pigment is deftroyed. 


| Silk is dyed in a vat, where indigo (without ad- 

‘ dition of woad) is diffolved, with the affiftance of a 

proper degree of warmth, along with pot- -afh, ve- 

' getable ferments, bran, and madder. The folution 

looks green, and a {cum, of a blueifh coppery tinge, 
oa 0 on Its top. 


A cold blue vat, or bath for cotéon, is made from 
indigo finely levigated with water, or an alkaline 
lixivium, to which burnt lime, previoufly flaked 
and diluted with water, and fome fulphat of iron, 
are added. On this mixture apart of the calcareous 
earth unites with ‘the fulphuric acid of the vitriol, 
while the calx or oxyd of iron is precipitated. This 
oxyd robs the indigo of its oxygen, by virtue of its — 
ftronger attraction for this acidifying principle; and 
the indigo is thus,. and by the affiftance of the 
refidual difengaged calcareous earth, rendered folu- - 
ble. The fluid becomes alfo green, like the pre- 
ceding, yet inclines gradually to yellow, and is co- 
vered with a film or pellicle of a -blueith coppery 
tinge —The. ftuffs are dyed in’ this vat, after the 
coarfer-particles have fübfided. ‘Fhey are taken out 

: ‚of 
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of a yellowifh colour, which on expofure to air, 
owing to the indigo abforbing again oxygen, changes 
through various fhades from green to blue. It is 
proper to acidulate the laft water, in which the ftuff 
is rinfed, with a little fulphuric acid. 


For linen goods a vat is prepared, with a lye of 
cauftic pot-ath, wherein the indigo is boiled with 
orpiment (fulphurated arfenical oxyd), till the bath 
be green, exhibiting at the top a copper-coloured 
pellicle. | | 


Finally the Saron-blue, ufed for dyeing filk and 
woollen fuffs, belongs to this place. The method 
of operating is indeed very commodious, and faving 
of expence, yet attended with the great difadvan- 
tage of becoming thereby lefs permanent, and fad- 
ing much fooner. For dyeing in this manner, from 
5 to 8 parts of fulphuric acid are gradually poured 
_ om one part of finely pulverized indigo. Heat is 
produced by the mixture; the indigo decompofes a 
part of the acid, which on that account efcapes as 
fulphureous acid; while the carbon of the pigment 
likewife -abforbs a portion of oxygen from the ful- 
phuric acid, and flies off in the form of carbonic 
acid gas.—The mixture is left ftanding for 24 hours; 
the folution is then largely. diluted with water, and 
ufed for dyeing. | 


Concerning 
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/ 


Concerning Litmus. 


$ 847. 

Litmus is another blue pigment, which, accord- 
ing to Ferber, 1s moft probably prepared from the 
mofs called archil or orchal (lichen roccella, orfeille), 
and from the dyer’s lichen (lichen parellus) *. The 
mofs is fteeped in wooden cifterns, in urine, lime- 
water, flaked lime, and fome pot-afh, or foda, where 
itis kept under fhelter. Now and then it is agitated, 
and fuffered to macerate, till it begins to ferment in 
fome degree, This RE which muft not 
be permitted to pafs into putrefaction, is kept on, 
until the mofs be converted into a blue and foft 
pulp, which is attenuated by grinding, forced 
through a hair-cloth, formed into fquare lumps, and 
dried in the fhade. 


* It is not fo well known whether litmus be alfo made 
of the baffard ricinus, or turnfole plant (croton tin@orium). 
However, the blue, turnfole rags (tournefil en draps), 
are, according to Montet, prepared of that plant, at 
Grand-Galargues, in Lan guedoc.—Ed. 


RR, § 848. 

Litmus is, ftri@tly fpeaking, only fo far blue, as 
it is combined with an alkaline fubftance, Its natu- 
ral colour is red, and this native tinge is again re- 
 fored by acids, by which the alkaline matter is 

neutralized, 
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neutralized.—On this account the &acture of litmus 
is qualified to ferve as a reagent: 


Of Arnatio. 


| $ 849. 

The rocou, or arnatto (§ 835), ıs alfo to be 
mentioned here. It is prepared from the pulp of 
the feed-capfules of a tree growing in Guiana, Urucu 
(Bira Orellana). The feeds, together with the 
red tough matter furrounding them, are foftened in 
a wooden trough with water, until, by a kind of 
fermentation, which fpreads a very naufeous finell, 
and by diligent flirring and pounding, the kernels 
are feparated from the pulp. This mafs is then 
{trained through a fieve, and boiled; whereupon a 
thin reddifh fcum, which is the pigment, feparates. 


When fkimmed off, it is carefully infpiffated in ~ 


another kettle, and after being completely cool, is 
moulded in roundifh lumps, wrapt round with leaves 
of trees, and packed for fale.—Arnatto is not dif- 
foWable by water, nor by fpirit of wine; to be fit 
for dyeing, it requires an alkaline menftruum. It 
fees to partake of the nature of the vegetable 
albuminous matter. . 


ap 
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Sap-Colours. 


§ 850. 

Sap-colours are either infpiflated juices of plants, 
or extracts from them; fuppofing, however, that 
_ thefe juices are impregnated with a certain colour. 
Of this kind are, gamboge (§ 742); Jap-green, from 
the duckthorn-berries (rhamnus catharticus), not 
perfectly ripe; the extracts of fernamboue wood, of 
faffron (crocus fativus, or orientalis); of green 
walnut-hu/ks (nux juglans); the juice of whortle- 
berries, thickened by boiling; the infpiffated juices 
‘of honeysuckle (lonicera xylofeum); of the Ame- 
rican night-fhade (phytolacca decandra), and others. © 
The tints of thefe pigments may be greatly varied 
by adding acids, alkalis, and other falts. 


_ Lake-Colours. 


§ 851. 

Frefhly precipitated argillaceous earth readily ab- 
forbs the mucilaginous colouring parts of plants; 
‘or it retains them, and is by them coloured. On 
this fact the preparation of feveral lakes, or lake- 
colours, 1s founded. Of lakes of a bafer and coarfer 
fort, the calcareous earth is the bafıs. 


a 


§ 852. 
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§ 852. 


The counterfeit florentine lake may fervé as an | 


example to fhew in what manner lake-colours are 


made. Equal parts of fernambouc, or the fineft - 


brafil-wood, and fulphat of alumine, are boiled in 
a fufficient quantity of water. The decoction is 
then ftrained, and a lye of pot-afh added, till the 
alum is duly decompofed; taking care, however, 
that the quantity of the alkali be not in excels. 
Laftly, the precipitate is feparated from the fluid 
by. filtration; is laid on paper in the form of {mall 
cones, by means of a funnel,. and dried with haite. 


The genuine florentine Jake is obtained, as well as carmine, — 
from an animal pigment, the cochineal. Of this we 


fhall fpeak hereafter. 


§ 853. | 

By the fame method other forts of lakes may be 
manufactyred from various tinging vegetable bodies; 
viz. by precipitating their {trained decoction, made 
with alum and water; the precipitant is again a 
fixed alkali. Or by inverting the procefs, the decoc- 
tion is made with alkali and’ water, and the lake- 
colour precipitated by an aqueous folution of ful- 
phat of alumine; beft, while warm. To this clafs 
belong, madder-lake of Marggraf; Neri’s yellow 
lake, from the dyer’s-broom (genifta tinctoria) ; 
another yellow lake, from the quercitron-bark; the 
lakes after the manner of Scopoli; the Dutch-pink: 


2; (Hile 
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(file de grain), from the decoétion of turmeric 
with alum, and decompofed by chalk ; and others. 


Of Bleaching. 


: § 854. 

The bleaching of ftuffs and other bodies refts on 
this circumftance, that vegetable colours are. de- 
ftructible by the joint actions of air, moifture, and 
light; or rather on the alterations which the mix- 
ture of pigments undergoes by the influence of 
thefe caufes. The ftuffs are for that purpofe firft 
_ hberated from the adhering grofler and extractible 
particles, by which they are coloured. This is ef- 
fe&ted by boiling them in an alkaline lye; after 
which they are expofed, with the greateft poffible 
furface, to the action of the fun’s rays, keeping them 
continually moift.—It agrees pretty well with the 
theory, that befides this procefs, weakly four liquids, 
as whey, and very much diluted fulphuric acid, 
may be ferviceable to promote the bleaching. © 

| § 855. 

Fe it feems to be at prefent placed beyond any 
doubt, that the pigment with which the ftuffs are 
impregnated, or the fibrous ligneous part itfelf, is 
deprived of its colour by abforbing oxygen. And, 
in this circumftance the efficacy of bleaching is to 
be fought for, as is KH confirmed by the 

“ analogous 


Chap. VL} Bleaching. u 
analogous action of oxygenated muriatic acid; which, 


by ceding part of its oxygen to coloured vegetable 
fubftances, deprives them of their colour (§ 570). 


§ 856. 

"This remarkable property of oxygenated muriatic 
acid has been already reforted to, with the greateft 
advantage, in the bleaching of linen and cotton 
yarns In great quantities; as they may be reftored 
by it to whitenefs in a much fhorter time, and at 
any feafon. Berthollet * has defcribed the proceed- 
ing and the apparatus to be employed in the large 
_way.—In my opinion it would be an advantageous 
alteration in this method of bleaching, if, inftead 
of oxygenated muriatie acid itfelf, an alkaline lye,. 
completely faturated with that acid, were employed; 
it being much eafier to impregnate this lixivium 
with it than fimple water. : 


* See Annales de Chimie, tom. IL p. 25 1— feq. and 
tom. VI. p. 204, feq.—-Ed. . 


“ To perform the bleaching upon this principle, 
* C'haptal propofes to fteep the Jinen, or cotton, in 
“ta weak alkaline lye, and to boil it with it. After 
this procefs they areıtaken out and wrung, When 
“ thus freed from the fuperfluous moifture, they are 
“ either expofed for a little while, and with the 
“ greateft poflible furface, to the vapours of the 
« elaftic Bemis muriatic acid (§ 569); or, 

Le sal > 448 better,. 
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“better, they are immerfed in a liquor compofed 
« of that acid in a condenfed ftate, and diluted 
“with water. During this they fhould be ftirred 
“and wrung. Lafliy, the unpleafant odour with 
“‘ which they become impregnated, is removed by 
« wafhing them.in large quantities of water. The 
“ addition of alkali in the lye has been thought ne- 
“ ceflary to neutralize the acid, and prevent its cor- _ 
« rofive effects, by which the ftuffs themfelves might 
be deftroyed.—As Dr. Gren juftly remarks, it is 
“ defirable that the health of the workmen were 
“ lefs endangered in this procefs; and the advan- 
“ tageous alteration which he propofes, by impreg- 
“ nating the alkaline lye itfelf with the acid, is the 
“ contrivance of Pickel.” —Ed. 


‘In this country Theophilus Rupp has given a fimple appa- 
ratus, and method. of bleaching with oxygenated 
muriatic acid, without the addition of alkali; and 
William Higgins, chemift to the linen-board of Dublin, — 

commends to fubftitute fulphuret of lime for pot- 
afh in this procefs.—See Nicholfon’s Journal, vol. Ik. 
p. 268; vol. III. p. 253.—Ed. 
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PLATE I. §§ 56, 101. 


FIGURE I. 4 Wind-furnace. 
. The afh-pit. 


. Door to the afh-pit. 

. A tile, to cover the fire-place. 

. Thechimney. The longer itis, the ftronger is the draught of air. 

. Here a door may be applied to the fire-place, according to the dotted lines. 


. Acrucible refting on its ftand, or piece of atile, and the grate. 


TORO & > 


. The fire-place. 


v 


N. B. The bars of the grate fhould not be fhaped fquare and flat. Theyare _ 
better when formed in lozenges, placed on their edges as at (g), or curved, 
asat (hb). 


FIGURE II. 


A canal, or tube, conftructed of any materials, round or fquare, and convey- 
ing the air from a diftant cool place, either horizontally, or perpendicularly, 
from underneath the furnace,—By this contrivance the current of air is amaz- 
ingly increafed. ; 


Fig. III. A triangular crucible on its ftand. 
Fig. IV. Another ditto, round one, with a cover and ftand. 


Fig. V. Affaying crucible, bellying out in the middle. 


| FIGURE VI. 
A blow-pipe*, 8 or g inches long. It is made of brafs or filver. The 


_- mouth-piece A. fhould be of ivory, The hollow globe B. is contrived to con- 


denfe the vapours coming from the breath. The opening C., through which 
the wind is applied to the flame, muft be as fmall as the fineft wire. 


* Engeftroem has explained the ufe of this inftrament in the Appendix to hie 
defcription of a Mineralogical Pocket-Laboratory, added to the end of Magellan's 
tranflation of Gronftede’s Mineralogy. 8vo. London, 1788. Vol.II. + 
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PLATE U. §§ 59, 104. 


Fig. I. Rewerberatory-furnace. 


A. The af-pit.—B. The fre-place.—C. Its dome and chimney, which is move- 
able, and ferves to reflet the flames on the veflel, as here on the retort D. 
the neck of which is inferted in the balloon E. On the top of the fquare 

_ brick-work there is a hole near each corner, ferving for a regifer. 


Fig. II. Docimaftic or Affa wing and Cupelling- -furnace. 


A. The body of the furnace, built fquare, from 12 to 15 inches each fide, of fire-_ 
proof clay, or thick iron-plate$, and terminating in a truncated open pyramid. 


B.B.B. Three ftrong zron-bands, fixed with oe and morticed i in the front for 
the motion of the fides. | D 


C.C.C.C, Four flides ne handles. 'The femicircular ae oblong apertures are 
contrived for infpedting the operation, and fo placed, that when the flides are” 
fhut, or meet in the middle, they do not reach the open part of the mufile. 


D. The af-pit, having in front a femicircular aperture. Immediately above 
it isthe grate. "Through the front plate and i its oppofite one pena as alfo 
in the middle band B. are holes marked F. 


E. A femicircular aperture, of the fize of the mufile. 


_ F. Holes, mentioned at D. through which iron-bars are inferted for ae ee 
the muffle. - | 


G. A circular hole, by which to manage the coals. 


H. A pyramidal cover*, with a chimney, that may be added or Eaoved, and 
occafionally prolonged by. an additional tube, in order to increafe the i in- 
tenfity of heat. ; 


u 


a fueli is put in at ct The Pi citons are fhewn by Hs fcale. - 


K. The muffle of baked clay, open in front, and clofed behind. Its form is 
half a cylinder cut length-ways. The openings c.c.c. are to admit more 
heat, yet without admitting athes. : 


L. A forifjing teff, § 102. 


M. Two afaying seßs, or cupels [6 104) of a fmaller fize: either of a circular 
as (1), or inverted, vo ‘pyramidal form, as (2). Ontheir eg 
cavities the materials are placed. | 


* This furnace tee fo 1 affaying metals, refining gold and filver, &c. Macquer, 
Elements of Chemiftry, Part I. (Chap. 19, has ee explained the conftruction and 
manner of ufing this furnace. . PA 
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PLATE IT. SoBe 


Fig. I. Portable F urnace made of a Black-lead Crucible. 


A.. The crucible, perforated on its lower part, and fupported by a ftand.— — 
B. The ‘cover of iron- plate, or tile. Its {maller circular hole ferves to put in | 
additional fuel, and to give vent to air. It may alfo be provided with a — 


moveable chimney. The larger hole admits the fand-pot, and C. the retort, 


or other veflel.—D. Seétion of the furnace. —E. Seétion of the grare.—F. Plan 7 


of the grate, refting on three projedtures, fitting into three notches cut in the 


body of the crucible.—(N. B. Three fuch points, at equal diftances, are al- - 
ways fafeft.)—G. The fand-pot, which alfo may ferve for a water-bath, or for 


calcining.—H. Stand. 


* Crucibles, from 12 to 15 inches high, are duoee for this purpofe.—See — 


Lewis's Philofophical Commerce of Arts, page 1—37.- 


Fig. II. Dr. Black's Furnace. 
A. Perfpeetive view of the furnace. The larger hole at top ferves for introducing 


the /and-pot, &c. and is often the mouth of the furnace. On the amalles 3 


aperture the vent, or chimney, G. is fixed. 
B. Perfge&ive Je&ion of the furnace. 


- 


C. The a-pit, feparable, and a little wider than the furnace which. is inferted 


into it, and refts on its projecting border. 


D. Seétion of the grate, likewife refting on the border of the afh-pit. - 


a ee 


E. Perfpeäive view of the afb-pit, provided with a fmall door, and a pig R 


plate, or regifter, of 6 differently-fized holes. 


F. A ring, with 3 hooks, to be funk about ı foot deep into the furnace, and | 


on which the retort refts when diftilling, &c. in open fire. 


This furnace is of an elliptical form, made of ftrong wrought-iron. Its 


infide is coated in fuch a manner as to reprefent an inverted cone, and the. 
lighter part fhews the manner in which the luting is applied.—The Jower‘ 
opening for the grate is not in the middle of the bottom, but purpofely nearer 


‚to one end of the ellipfe, towards the larger aperture at top. 


* The Tranflator particularly recommends this excellent furnace for philofophi- 
cal purpofes- to the amateur and the ftudent.—Its ftruCture and ufe are circum- 
ftantially defcribed in the New Edinburgh Difpenfary, 1797, p. 48,—Furnaces of 


this kind, and other chemical inftruments, are fold atMr. Ba 5, iron-monger, 


in Fofter-lane. 
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PLATE IV. §§ 79, 81, 121, 128, 131, 135. 


A. A fimple retort, made of glafs, metal, or baked clay. 


B. Tubulated retort, ufed when, on account of the too rapid extrication of 
gafes or acids, its neck muft. be luted to the receiver, before the materials 
are introduced, or. the fire applied. Holes are alfo drilled, fometimes, on’ 
the upper part of fimple retorts, to let out, by opening their ftoppers, the 
elaftic fluids, when too copious. 


C. Matrafs. The ring added in the manufa&ture to its neck, renders it capable 
of being fufpended by a ftring. Be 


D. A matrafs, provided with an alembic, or head, which at times is fixed to it 
in the glafs-houfe. It then has at top an opening and flopper.» A receiver is 


here added to the {pout of the head. 


E. A phial. hefe alfo have fometimes a {mall head, fimilar to that of the 
matrafles, | ee 


F. Pelican of former chemitts for cobobation. 

G. A proof or difengaging-botile. 

H. Tubulated proof, with an inferted, moveable, bent glafs-tube. - 

I. A large balloon. y 
K. Aludels of the ancients for fublimation. 

DB Adopters inferted into one another, 


M. Italian recipient for feparating ethereal oils. ‘The bent neck being lower than 
the mouth, it adis like a /yphon when the veflel is nearly full to the brim; 
and the oils, being lighter, fwim on the water. Hence, by hydroftatical 
principles, the latter entering into the lower part of the fpout flows off at 
top, while the oil remains.—But if the oil, as that of cinnamon, is {pecifically 
heavier, another funnel is funk in, through which the oil pafies to the 
bottom ;- and the water runs off by a fimilar fide-aperture .as that in. the 
figure, but placed higher towards the brim of the recipient. 


N. Papin’s digeftor, of ftrong metal, to the thicknefs of an inch. ‘The inner 
bottom has an ewal fhape. A conical lid is fitted in by grinding, and kept 
down air-tight by the crofs-bar and ferew (a.b.) Wilke has given an im- 
provement of it in the Saved. Philof. Tranf. Vol. XXXIV. p. 3. Mefirs. 

" Fackfon and Mhjer, of Frith-ftreet, Soho, have imitated it with a moveable 
valve at top for culinary ufe. | 


~ 


O. A feparatory funnel, ending with a long capillary tube, 
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PIRATES 11617, 126— 97, 130. 


Fig. I. Common Still. 


A. Body of the till, of-copper, and of all fizes, to fome hundred gallons. When 
large, itis fet in brick-work up to the fhoulder (a). The fire is applied 
underneath; but the flue turns round in a /piral manner, as fhewn by the 
pricked-lines.. < ; 

BD. Head of the fill, provided with an aperture to let of fuperfluous vapours, as 
likewife the body has one at (4), tofupply the fluid. 


C. Refrigeratory, or condenfing rub, filled with cold water, and its worm marked 
. by the dotted lines. In large works, a ftream of cold water is made to run 
conftantly through this cooling tub, as in the gin-diftillery at Maidfone. 

_D. Veffel to receive the diifilled fluids coming through the cock of the worm. 


_E. A copper veffel for diftilling in water-bath. It fits into the mouth of the 
ftill; and the fame head ferves for both. ee 


Fig. II. Blackamoor’s Head. 


_ The Blackamoor’s head confifts of a conical veffel, furrounded with another 
cylindrical filled with cold water, and having a cock to draw it off when be- 
come too warm. Bothare of copper. Half the figure is here left open to fhew 
the cone; the inclination of the fides of which, according to Chapral, is moft 
proper when forming an angle of 75 degrees with the bafe. 


Fig. III. Preumatic Waier-trough. 


Two inches below the brim a /Belf is fixed to about half the width of the 
trough, having fome holes, of a funnel-like aperture, underneath. It is filled 
with water to within one inch from the top. A glafs jar, filled with water, 
to drive out the air, is placed i»vertedly upon fuch a hole of the fhelf; and 
the conveying-tube of the proof, or neck of a retort, is placed under that hole. 
As the gas rifes, the water is driven out of the jar.. 


Fig. IV. Pneumatic Quickfilver-trough. 


‚ A. Perfpe&tiive view of the fpherical cavity and groove, to be filled, and fomething 
higher, with mercury. The receiving-veiffel is likewife filled with that metal. 


_B. Its fe&ion, fhewing the manner of placing the glaß-bell and neck of the 
retort. "This trough.is moftly made of marble.’ 


. Fig. V.-Dr. Nooth’s and Parker's Apparatus forimpregnating Water with Carbonic 
Acid, Ge. 


A. The upper wejfel, whofe neck reaches nearly to the centre of the middle 
-one—B. which is half filled with water, and has at C. a glafs-valve, through 

which the gas extricated rifes. It is formed of two pieces of a broken capillary 
tube, and a moveable plano-convex lens between. At D. the materials are put in. 
"Through the cock the water is drawn off, when fufliciently impregnated with 
the gas. All joinings are fitted by grinding.—F. reprefents the valve in a larger 
feale.—See its ufe in Nicholfon’s Firft Principles of Chemiftry, 1796, P+ 54 : 
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PLATE VI. $$ 123, 128. 


LAV OISIER’s Apparatus for Pneumatico-chemical Difillations. 


A. A tubulated retort. 

_ B. Balloon, ferving as the firft receiver, | 
C.C.C.C. Bent glafs-conveying tubes. 

| D.D.D.D. Tubes of Safety, to prevent the burfting of the veflels by the too rapid _ 


extrication of the gafes. 
E.E.E.E. Intermediate, tubulated bottles. 
E.. The Jap conveying-tube. — 
Through the tubular aperture (f) the fubftances to bé examined are intro- 
- duced into the retort, whofe neck is joined to the balloon at (g¢).—The right- 


_ hand fide of each conveying-tube is /Zorter, and receives the gafes. That onthe ~ 
deft is longer, and immer/ed in the liquid contained in the middle bottles E. &¢. 


In the Jalloon there is no water. But difilled water, of a known weight, is com- 
monly put in the ff of the bottles E.E. &c. The other three contain caufie 
pot-a/k diffolved. ; 


The apertures of the Jalloon (g and 5) are luted with a fat Jute, and linen- 
~ cloth dipped in guick-lime, beaten with whites of eggs.—For the apertures of the 
other bottles a lute, made of turpentine melted with wax, is {ufficient. 


And the /aß conveying-tube F. is dire&ted under the glaf-bell, placed on the 
fhelf of the pneumatic-trough. _ NA, 


* For farther particulars fee Laweifers ‚Elements de Chimie, Part III. Sect, 6. 
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